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PROBLEM TO BE SOLVED: To provide a display 
element, in which contrast is not lowered and which is 
superior in high speed responsiveness and viewing angle 
characteristics. 

SOLUTION: The display element is equipped with a pair 
of substrates 1 , 2 of which at least one is transparent, a 
medium layer 3 composed of a . medium interposed 
between- the pair of substrates 1 , 2 and having optical 
anisotropy varied by the application of electric field, and 
polarizing plates 6, 7 disposed on the side opposite to 
the surface facing the medium layer 3 of at least the one 
substrate 1 of either of the pair of substrates 1 , 2. Also, 
the surface of at least the one substrate 1 of either of 
the substrates 1, 2 opposite to the other substrate 2 is 
subjected to alignment processing with an aligning 
direction parallel or vertical to the polarization absorbing 
axis of either of the polarizing plates 6, 7, or to vertical - 
alignment processing. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

The opposed face of the medium from which at least one side is pinched between the substrate 
of a transparent pair and the substrate of this pair,- and optical anisotropy changes with 
impression of electric field, and the above-mentioned medium in one [ among the substrates of 
the above-mentioned pair / at least ] substrate is the display device equipped with at least one 
polarizing plate arranged in the opposite side. 

The display device characterized by it being parallel, or intersecting perpendicularly, and level 
orientation processing being performed to the absorption shaft of at least one polarizing plate 
among the substrates of a top Norikazu pair on the opposed face front face with the substrate 
of another side in one [ at least ] substrate, or performing perpendicular orientation processing. 
[Claim 2] 

the above-mentioned substrate — abbreviation — parallel electric field are impressed to the 
above-mentioned medium — while having the electrode of a pair at least 
The display device according to claim 1 to which the orientation processing direction in the 
above-mentioned level orientation processing is characterized by making the include angle of 
less than **10 degrees 45 degrees to the electric-field impression direction by the above- 
mentioned electrode. 
[Claim 3] 

the inside of the substrate of a top Norikazu pair — one substrate — this substrate — 
abbreviation — parallel electric field are impressed to the above-mentioned medium — while 
having the electrode of a pair at least 

The display device according to claim 1 characterized by preparing the level orientation film in 
the substrate front face of another side. 
[Claim 4] 

The display device according to claim 1 characterized by performing level orientation processing 
to parallel or anti-parallel mutually on the mutual opposed face front face in the substrate of a 
top Norikazu pair. 
[Claim 5] 

The above-mentioned medium is a display device according to claim 1 characterized by showing 
the optical isotropy at the time of no electric-field impressing, and showing optical anisotropy by 
impression of an electrical potential difference. 
[Claim 6] 

The above-mentioned medium is a display device according to claim 1 characterized by showing 
optical anisotropy at the time of no electric-field impressing, and showing the optical isotropy by 
impression of an electrical potential difference. 
[Claim 7] 

The above-mentioned medium is a display device according to claim 1 characterized by having 
the orientation order below the wavelength of light at the time of electrical-potential-difference 
impression or no electrical-potential-difference impressing. 
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[Claim 8] 

The display device according to claim 1 to which the above-mentioned medium is characterized 
by having the order structure which shows cubic symmetric property. 
[Claim 9] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of a molecule in which a cubic phase or a smectic D phase is shown. 
[Claim 10] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of a liquid crystal micro emulsion. 
[Claim 11] 

The- display device according to claim 1 characterized by the above-mentioned medium 
consisting of a lyotropic liquid crystal in which a micell phase, an inverted micelle phase, a 
sponge phase, or a cubic phase is shown. 
[Claim 12] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of a liquid crystal particle dispersed system which shows a micell phase, an inverted 
micelle phase, a sponge phase, or a cubic phase. 
[Claim 13] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of DIN DORIMA. 
[Claim 14] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of a molecule in which a cholesteric blue phase is shown. 
[Claim 15] 

The display device according to claim 1 characterized by the above-mentioned medium 
consisting of a molecule in which a smectic blue phase is shown. 



[Translation done.] 
* NOTICES * 

JPO and INPlf are not responsible for any 

damages caused by the use of this translation. N 

LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the display device which has the display engine performance of the wide 
field of view in a high-speed responsibility list. 
[Background of the Invention] 
[0002] 

Also in various display devices, with the thin shape, a liquid crystal display component has the 
advantage that a light weight and power consumption are small, and is widely used for OA (Office 
Automation) devices, such as image display devices, such as television and video, and a monitor, 
a word processor, a personal computer. 
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[0003] 

TN (Twisted Nematic) mode using the former, for example, a nematic liquid crystal, as a liquid 
crystal display method of a liquid crystal display component, a display mode, a polymer dispersed 
liquid crystal display mode using a ferroelectric liquid crystal (FLC) or antiferroelectricity liquid 
crystal (AFLC), etc. are known. 
[0004] 

Also in it, conventionally, although the liquid crystal display component in TN (Twisted Nematic) 
mode using the nematic liquid crystal as a liquid crystal display component put in practical use is 
mentioned, there is a fault like an -angle of visibility with a slow response is narrow, and these 
faults are the liquid crystal display components using this TN mode with big hindrance, for 
example, when exceeding CRT (cathode ray tube). 
[0005] 

Moreover, although in the case of the display mode using FLC or AFLC a response is quick and 
it has the advantage that an angle of visibility is large, there is a big fault in respect of shock- 
proof nature, the temperature characteristic, etc., and by the time it is put in practical use 
widely, it will not have resulted. 
[0006] 

Furthermore, although the polymer dispersed liquid crystal display mode using light scattering 
does not need a polarizing plate but a daylight display is possible, when viewing-angle control by 
the phase plate cannot be performed in essence, it has the technical problem in respect of the 
response characteristic, and there is few predominance over TN mode. 
[0007] 

Each of these means of displaying is in the condition that the liquid crystal molecule aligned in 
the fixed direction, and since how for it to be visible with the include angle to a liquid crystal 
molecule differs, they has a viewing-angle limit. Moreover, each of these means of displaying 
uses rotation of the liquid crystal molecule by electric-field impression, and since they rotates 
[ with all of ], with a liquid crystal molecule aligned, a response takes time amount to them. In 
addition, in the case of the display mode using FLC or AFLC, in respect of a speed of response 
or an angle of visibility, it is advantageous, but the irreversible orientation destruction by external 
force poses a problem. 
[0008] 

On the other hand, the means of displaying by the electronic polarization using the secondary 
electro-optical effect is proposed to these means of displaying using rotation of the molecule by 
electric-field impression. 
[0009] 

The electro-optical effect is the phenomenon in which the refractive index of the matter 
changes with external electric fields. There are effectiveness proportional to primary [ of electric 
field ] and effectiveness proportional to secondary in the electro-optical effect, and it is called 
the Pockels effect and the Kerr effect, respectively. Application to a high-speed optical shutter 
is advanced early, and, especially as for the secondary electro-optical effect called the Kerr 
effect utilization is made in the special measuring machine machine, the Kerr effect will be 
discovered by J.Kerr (car) in 1875, and ingredients, such as organic liquids, such as a 
nitrobenzene and a carbon disulfide, will get to know it until now as an ingredient in which the 
Kerr effect is shown — having — **** — these ingredients — for example, it is used for high 
field strength measurement of a power cable etc. other than said optical shutter carried out. 
[0010] 

Then, having a Kerr constant with a big liquid crystal ingredient is shown, a light modulation 
element, an optical polarizing element, and basic examination further turned to optical- 
integrated-circuit application are performed, and the liquid crystal compound in which the Kerr 
constant exceeding 200 times of said nitrobenzene is shown is also reported. 
[0011] 

The application to the display of the Kerr effect is beginning to be considered in such a situation. 
Since the Kerr effect is proportional to secondary [ of electric field ], when a low-battery drive 
can be expected relatively, in order to show the response characteristic of several several 
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microseconds - mm second, the application to a high-speed response display is essentially 

expected. 

[0012] . 

The medium which consists of liquid crystallinity matter is enclosed between the substrates of a 
pair, electric field parallel to a substrate or perpendicular are impressed, induction of the Kerr 
effect is carried out, and applying as a display device is proposed in the inside of such a 
situation, for example, the patent reference 1, the patent reference 2, and nonpatent literature 1. 

[0013] 

In such a display device, the. gradation display is performed by arranging the. polarizing plate with 
which each outside of the above-mentioned substrate and a mutual absorption shaft cross at 
right angles, and a birefringence's occurring at the time of electrical-potential-difference 
impression, and bringing about the permeability change by this, while media are directions 
[ target / optical ] and a black display is realized at the time of no electrical-potential-difference 
impressing. For this reason, the contrast of the direction of a substrate normal can realize a very 
high value. 

[Patent reference 1] JP.200 1-249363, A (September 14, 2001 public presentation) 

[Patent referenced] JP.1 1-183937.A (July 9, 1999 public presentation) 

[Nonpatent literature 1] Shiro Matsumoto, outside trinominal, and "Fine droplets of liquid 

crystals in a transparent polymer and their response to an electric field" Appl.Physi, 1996, Lett., 

69, p.1 044-1 046 

[Nonpatent literature 2] Takashi Kato and an outside binary name, "Fast and High-Contrast 
Electro-optical Switching of Liquid-Crystalline Physical Gels : Formation of Oriented 
Microphase-Separated Structures", Adv.FunctMater., April, 2003, vol. 13.No.4, p313-317 
[Nonpatent literature 3] Kazuya Saito and outside — one person, "the thermodynamics of the 
new thermotropic liquid crystal which is isbtropy optically", liquid crystal, 2001 , the 5th volume, 
and the 1 st — No. .p.20-27 

[Nonpatent literature 4] The Yamamoto **, "a liquid crystal micro emulsion", liquid crystal, 2000, 
the 4th volume, No. 3, p.248-254 

[Nonpatent literature 5] Shiroishi The application to Yukie, and palladium nano particle- 
preparation and the guest-host mode liquid crystal display component which protected by four 
persons and "liquid crystal molecule outside", macromolecule collected works, December, 2002, 
Vol.59, No.1 2, p.753-759 

[Nonpatent literature 6] Hirotsugu kikuchi, outside 4 name, "Polymer-stabilized liquid crystal blue 
phases", p.64-68, [online], September 2. 2002, Nature Materials, vol.1, [July 10, 2003 retrieval], 
the Internet <URL:http:// www.nature.com/naturematerials> 

[Nonpatent literature 7] Yonetani **, "a nano structure liquid crystal phase being explored by 
the molecular simulation", liquid crystal, 2003, the 7th volume, No. 3, p.238-245 
[Nonpatent literature 8] D. The volume Demus and on outside trinominal, "Handbook of Liquid 
Crystals Low Molecular Weight Liquid Crystal", Wiley-VCH, 1998, vol.2B, p ; 887-900 
[Nonpatent literature 9] D. The volume Demus and on outside trinominal, "Handbook of Liquid 
Crystals Low Molecular Weight Liquid Crystal", Wiley-VCH, 1998, vol.1, p.484-485 
[Nonpatent literature 10] Eric Grel.et, outside trinominal, "Structural Investigations on Smectic 
Blue Phases", PHYSICAL REVIEW LETTERS, The American Physical Society, April 23, 2001, 
vol.86. No.17, p3791-3794 

[Nonpatent literature 1 1] The 1st time of Yamamoto **. "liquid-crystal science experiment 
lecture: Identification:^) lyotropic-liquid-crystal" which is a liquid crystal phase, liquid crystal, 
2002, the 6th volume, No. 1, p.72-83 

[Nonpatent literature 12] the Yamamoto **** and outside — one person, "an organic opto 
electronics material", National Technical Report, December, 1976, and vol. — 22. No.6, and 
p.826-834 

[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0014] 
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However, according to the detailed examination by an invention-in-this-application person etc., 
it turned out that it is found out that the fall phenomenon of contrast (white display brightness / 
black display brightness) happens depending on the case, and the display device which has the 
above-mentioned conventional configuration has a problem in the practicality of television using 
the above-mentioned display device, or a personal computer monitor. 
[0015] 

According to an invention-in-this-application person's etc. examination, the following two factors 

are mentioned as a factor to which contrast falls. 

[0016] 

When a power source is first supplied to one in the display equipped with the "conventional 
display device or this conventional ****** which used for the display medium the medium which 
optical anisotropy discovers by impression of electric field, and ambient temperature is low, the 
above-mentioned medium does not reach the temperature which should be driven essentially, 
but it is mentioned that the physical condition of a medium may differ from the condition that it 
should have essentially at the time of a component drive. For example, when the above- 
mentioned medium must drive essentially in the state of the isotropic phase of the phase- 
transition-temperature right above of a nematic-isotropic phase, it may be a low-temperature 
nematic state from the above-mentioned phase transition temperature at the power up. In this 
case, non-electric-field impression also has optical anisotropy, and if nematic, light is made 
penetrated by that optical anisotropy, when isotropic state must attain a black display essentially 
in the state of no electric-field impressing. Therefore, a good black display becomes impossible 
to such a case, and contrast will fall to it. Of course, although a display device can be 
overheated according to a heater or the light source (back light) and a good display can be 
obtained, it is not easy to raise temperature and to stabilize it in an instant. 
[0017] 

It is mentioned that there is a case where it becomes impossible to realize an optically isotropic 
condition since another will be firmly adsorbed in the molecule which constitutes a medium from 
a substrate interface with a substrate in the bulk field distant from the substrate interface in the 
interior of a eel even if the medium (display medium) has realized the optically isotropic 
condition. For example, when making it drive at the temperature of phase-transition-temperature 
right above 0.1 K of a nematic-isotropic phase, near the substrate interface is a nematic state. 
[0018] 

Anyway, near a substrate interface, by the medium near [ which differs from the bulk field where 
the physical condition of the above-mentioned medium separated from the substrate interface in 
the interior of a eel unlike the condition that it should have essentially at the time of a 
component drive by the absorption phenomenon ] the substrate interface, the phenomenon 
which light penetrates at the time of a black display will occur, consequently contrast will fall. 
[0019] 

This invention is made in view of the above-mentioned. trouble, and the purpose is in offering the 
display device which does not invite the above-mentioned trouble, i.e., the display device which 
contrast did not fall and was excellent in high-speed responsibility and an angle-of-visibility 
property. 

[Means for Solving the Problem] 
[0020] 

In order that the display device concerning this invention may solve the above-mentioned 
technical problem, the substrate of a pair at least with transparent one side, The medium from 
which it is pinched between the substrates of this pair, and optical anisotropy changes with 
impression of electric field, The opposed face with the above-mentioned medium in one [ at 
least ] substrate is the display device equipped with at least one polarizing plate arranged in the 
opposite side among the substrates of a top Norikazu pair. It is characterized by it being parallel, 
or intersecting perpendicularly, and level orientation processing being performed to the 
absorption shaft of at least one polarizing plate among the substrates of a top Norikazu pair, on 
the opposed face front face with the substrate of another side in one [ at least ] substrate, or 
performing perpendicular orientation processing. 
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[0021] 

According to the above-mentioned configuration, among the substrates of the above-mentioned 
pair on an opposed face front face with the substrate of another side in one [ at least ] 
substrate Level orientation processing of the direction which is parallel or intersects 
perpendicularly with the absorption shaft of at least one polarizing plate, i.e., the absorption shaft 
of which polarizing plate with which the opposed face with the above-mentioned medium in one 
[ at least ] substrate has been arranged among the substrates of the above-mentioned pair in 
the opposite side, Or by perpendicular orientation processing being performed, even if ambient 
temperature is low and it is the case where a medium does not reach the temperature which 
should be driven essentially but the physical condition of a medium differs from the condition at 
the time of an original drive in the power up Since the orientation of. the above-mentioned 
medium can be made to carry out in the above-mentioned orientation direction (the orientation 
processing direction) It becomes possible to be able to vanish the optical contribution by this 
medium (medium by which physical condition differs from the condition at the time of an original 
drive), to also set, by the time the temperature of the above-mentioned display device rises, and 
to realize a good display. Moreover, according to the above-mentioned configuration, even if it 
reached desired drive temperature, it does not generate but the optical leakage by the molecule 
which stuck to the substrate interface can acquire high contrast. Therefore, according to the 
above-mentioned configuration, the effectiveness that the display device which contrast did not 
fall and was excellent in high-speed responsibility and an angle-of^-visibility property can be 
offered is done so. 
[0022] 

in order that [ moreover, ] the display device concerning this invention may solve the above- 
mentioned technical problem — the above-mentioned substrate — abbreviation — it is 
characterized by the orientation processing direction in the above-mentioned level orientation 
processing which impresses parallel electric field to the above-mentioned medium while having 
the electrode of a pair at least making the include angle of less than **10 degrees 45 degrees to 
the electric-field impression direction by the above-mentioned electrode. 
[0023] 

As described above, electric field do so the effectiveness that permeability can be maximized 
because the orientation processing direction in level orientation processing makes the include 
angle of less than **10 degrees 45 degrees to the electric-field impression direction by the 
above-mentioned electrode in the display device impressed to abbreviation parallel to a 
substrate. 
[0024] 

the above-mentioned display device — the inside of the substrate of the above-mentioned pair 
— one substrate — this substrate — abbreviation — while having the electrode of a pair at 
least, the thing which impress parallel electric field to the above-mentioned medium and for 
which the level orientation film is prepared in the substrate front face of another side is 
desirable. 
[0025] 

If the orientation film is formed on an electrode, the electrical potential difference impressed 
effective in the above-mentioned medium, i.e., a display medium, will fall. Furthermore, although it 
is not the case where the above-mentioned level orientation film is formed in both the 
substrates front face, said effectiveness can be acquired also when the level orientation film is 
formed only in one substrate front face. 
[0026] 

therefore, an opposed face front face with the substrate of another side in one substrate, for 
example, one substrate, — this substrate — abbreviation — parallel electric field are impressed 
to the above-mentioned medium, while having the electrode of a pair at least The effectiveness 
that black brightness can be made small is done so, without the voltage drop by the orientation 
film not occurring, but the driver voltage of a component going up by the above-mentioned level 
orientation film being prepared in the substrate front face of another side, i.e., the substrate 
front face by the side of electrode agenesis. Moreover, according to the above-mentioned 
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configuration, even if it became desired drive temperature, it does not generate but the optical 
leakage by the molecule which stuck to the substrate interface does so collectively the 
effectiveness that high contrast can be acquired. 
[0027] 

Moreover, as for the above-mentioned display device, it is desirable to perform level orientation 
processing to parallel or anti-parallel mutually on the mutual opposed face front face in the 
substrate of the above-mentioned pair. 
[0028] 

The effectiveness that maximization of contrast can be attained, for example, black brightness 
can be made still smaller by level orientation processing being mutually performed to parallel or 
anti-parallel on the mutual opposed face front face in the substrate of a top Norikazu pair is 
done so. In addition, in this invention, the case where the mutual orientation processing direction 
is parallel and where the sense is the same shall be shown, the mutual orientation processing 
direction shall be parallel to anti-parallel, and the case where the sense is the contrary (reverse) 
shall be indicated to be parallel with them. 
[0029] 

Moreover, the above-mentioned medium may show the optical isotropy at the time of no 
electric-field impressing, may show optical anisotropy by impression of an electrical potential 
difference, may show optical anisotropy at the time of no electric-field impressing, and may show 
the optical isotropy by impression of an electrical potential difference. 
[0030] 

the above — also in which configuration, by impression of electric field, the configuration of the 
index ellipsoid of the above-mentioned medium can be changed in the time of no electric-field 
impressing and electric-field impression, and the direction of optical anisotropy can be displayed 
by changing extent of optical anisotropy (whenever [ orientation order ], refractive index), while it 
has been fixed. Therefore, also in which the above-mentioned configuration, the effectiveness 
that the display device which has a wide-field-of-view angle property and a high-speed response 
characteristic is realizable is done so. 
[0031] 

Moreover, the above-mentioned medium may have the orientation order below the wavelength of 
light at the time of electrical-potential-difference impression or no electrical-potential- 
difference impressing. 
[0032] 

If orientation order is below the wavelength of light, isotropy is shown optically. Therefore, the 
effectiveness that the display condition at the time of no electrical-potential-difference 
impressing and electrical-potential-difference impression can certainly be changed is done so by 
using the medium by which orientation order becomes below the wavelength of light at the time 
of electrical-potential-difference impression or no electrical-potential-difference impressing. 
[0033] 

Moreover, the above-mentioned medium may have the order structure which shows cubic 

symmetric property. 

[0034] 

Moreover, the above-mentioned medium may consist of a molecule in which a cubic phase or a 

smectic D phase is shown. 

[0035] 

Moreover, the above-mentioned medium may consist of a liquid crystal micro emulsion. 
[0036] 

Moreover, the above-mentioned medium may consist of a lyotropic liquid crystal in which a 
micell phase, an inverted micelle phase, a sponge phase, or a cubic phase is shown. 
[0037] 

Moreover, the above-mentioned medium may consist of a liquid crystal particle dispersed system 
which shows a micell phase, an inverted micelle phase, a sponge phase, or a cubic phase. 
[0038] 

Moreover, the above-mentioned medium may consist of DIN DORIMA. 
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[0039] 

Moreover, the above-mentioned medium may consist of a molecule in which a cholesteric blue 

phase is shown. 

[0040] 

Moreover, the above-mentioned medium may consist of a molecule in which a smectic blue 

phase is shown. 

[0041] 

When each above-mentioned matter impresses electric field, optical anisotropy changes. 
Therefore, each above-mentioned matter can be used as the above-mentioned medium. 
[Effect of the Invention] 
[0042] 

The display device concerning this invention among the substrates of the above-mentioned pair 
as mentioned above on an opposed face front face with the substrate of another side in one [ at 
least ] substrate By it being parallel, or intersecting perpendicularly, and level orientation 
processing being performed to the absorption shaft of at least one polarizing plate among the 
substrates of a top Norikazu pair, on the opposed face front face with the substrate of another 
side in one [ at least ] substrate, or perpendicular orientation processing being performed For 
example, even if ambient temperature is low and it is the case where a medium does not reach 
the temperature which should be driven essentially but the physical condition of a medium differs 
from the condition at the time of an original drive in the power up Since the orientation of the 
above-mentioned medium can be made to carry out in the above-mentioned orientation direction 
(the orientation processing direction) It becomes possible to be able to vanish the optical 
contribution by this medium (medium by which physical condition differs from the condition at 
the time of an original drive), to also set, by the time the temperature of the above-mentioned 
display device rises, and to realize a good display. Moreover, according to the above-mentioned 
configuration, even if it reached desired drive temperature, it does not generate but the optical 
leakage by the molecule which stuck to the substrate interface can acquire high contrast. 
Therefore, according to the above-mentioned configuration, the effectiveness that the display 
device which contrast did not fall and was excellent in high-speed responsibility and an angle-of- 
visibility property can be offered is done so. 
[Best Mode of Carrying Out the Invention] 
[0043] 

It will be as follows if one gestalt of operation of this invention is explained based on drawing 1 

thru/or drawing 13 . 

[0044] 

Drawing 1 (a) is the sectional view showing typically the outline configuration of the important 
section of the display device concerning the gestalt of this operation in electrical-potential- 
difference the condition of not impressing (OFF condition), and drawing 1 (b) is the sectional 
view showing typically the outline configuration of the important section of the display device 
concerning the gestalt of this operation in an electrical-potential-difference impression condition 
(ON condition). Moreover, drawing 2 is drawing explaining the relation between the polarizing 
plate absorption shaft and the direction of electric field (orientation) in the above-mentioned 
display device, and the direction of rubbing. Furthermore, drawing 3 is drawing explaining the 
relation between an example of electrode structure and this electrode structure in the above- 
mentioned display device, and a polarizing plate absorption shaft. 
[0045] 

Drawing 1 (a) as shown in - (b), the display device concerning the gestalt of this operation It has 
the substrate (it is hereafter described as the pixel substrate 1 1 and the opposite substrate 1 2) 
of a pair at least with transparent one side which countered mutually and has been arranged. 
Between the substrates of these pairs as an optical modulation layer It has the cellular structure 
by which the medium layer 3 which consists of a medium (it is hereafter described as Medium A) 
which carries out an optical modulation by impression of electric field is pinched. 
[0046] 

Moreover, as shown in drawing 1 (a) - (b), the above-mentioned pixel substrate 1 1 and the 
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opposite substrate 12 have the substrate 1 as a medium maintenance means (optical modulation 
layer maintenance means), and 2, respectively, and have the configuration in which a polarizing 
plate 6 and 7 are prepared in the field of the opposite side, respectively with the substrate 1 of 
these pairs and the outside of 2 (outside of the pixel substrate 1 1 and the opposite substrate 
12), i.e., both [ these ] the substrates 1 and the opposed face of 2. 
[0047] 

One [ at least ] substrate has translucency among the substrates 1-2 of a top Norikazu pair, for 
example, consist of transparent substrates, such as a glass substrate, and among the substrates 
1-2 of these pairs on an opposed face with the substrate 2 of another side in one substrate 1 it 
is shown in drawing**! (a) - (b) — as — the above-mentioned substrate 1 — abbreviation — 
opposite arrangement of the electrode 4 which is an electric-field impression means for 
impressing parallel electric Field (sideways electric field) to the above-mentioned medium layer 3, 
and 5 is carried out mutually. 
[0048] 

The above-mentioned electrode 4-5 consists of electrode materials, such as transparent 
electrode ingredients, such as ITO (indium stannic acid ghost), and is set, for example as the line 
breadth of 5 micrometers, the inter-electrode distance (electrode spacing) of 5 micrometers, and 
the thickness of 0.3 micrometers with the gestalt of this operation. However, line breadth, inter- 
electrode distance, and thickness are mere examples, and are not limited to the above- 
mentioned electrode material list by this, although the Kushigata electrode by which opposite 
arrangement was carried out is mentioned in the direction in which 5a gears with ctenidium 
partial 4a mutually as an example of the above-mentioned electrode 4-5 as shown, for example 
in drawing 3 — the above-mentioned substrate 1 — abbreviation — parallel electric field 
(sideways electric field) — the above-mentioned medium layer 3 — it can even impress — if it , 
carries out, it will hot be limited especially. 
[0049] 

Furthermore, the orientation film 8 (dielectric thin film) with which rubbing processing was 
performed is brought into an opposed face front face with the opposite substrate 12 in the 
opposed face top 1 1 with the substrate 2 in the above-mentioned substrate 1, i.e., the above- 
mentioned pixel substrate, all over an opposed face with the substrate 2 in the above-mentioned 
substrate 1, and is formed in it so that the above-mentioned electrode 4-5 may be covered. 
[0050] 

Moreover, the orientation film 9 (dielectric thin film) with which rubbing processing was 
performed is brought also into an opposed face front face with the pixel substrate 1 1 in the 
opposed face top 1 2 with the substrate 1 in the above-mentioned substrate 2, i.e., the above- 
mentioned opposite substrate, all over an opposed face with the substrate 1 in the above- 
mentioned substrate 2, and is formed in it. 
[0051] 

As the above-mentioned orientation film 8-9 is shown in drawing 2 , level rubbing processing 
(level orientation processing) of substrate side inboard is performed for the orientation 
processing direction as the above-mentioned rubbing processing so that the direction of rubbing 
may be in agreement with one of polarizing plate absorption shafts among absorption shaft 6a 
and 7a of the above-mentioned polarizing plate 6-7 (refer to drawing 3 , polarizing plate 
absorption shaft). 
[0052] 

Moreover, as shown in drawing 2 and drawing 3 , as for the polarizing plate absorption shaft in 
each polarizing plate 6-7, the polarizing plate 6-7 is making the include angle of 45 degrees to 
the electric-field impression direction of an electrode 4-5 while being arranged so that mutual 
polarizing plate absorption shaft orientations may intersect perpendicularly. 
[0053] 

In the display device concerning the gestalt of this operation, as shown in drawing 1 (b), when 
whenever [ orientation order ] goes up in the electric-field impression direction, optical 
anisotropy is discovered, and the medium layer 3 may function as a display device of the shutter 
mold from which permeability changes. Therefore, to the polarizing plate absorption shaft 
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orientations which intersect perpendicularly mutually, the direction of an anisotropy gives the 
maximum permeability, when making the include angle of 45 degrees. In addition, permeability (P) 
when bearing which the optical anisotropy of Medium A discovers presupposes that it exists in 
the include angle of **theta (degree) at a polarizing plate absorption shaft, respectively 
permeability in case it estimates from P(%) =Sin2 (2theta) and Above theta is 45 degrees — 
100% — then If it is about 90% or more, since it will be sensed to human being's eyes that it has 
the maximum brightness, if Above theta is 35 < theta< 55 degrees, it will be sensed to have the 
maximum brightness to human being's eyes. That is, as shown in the gestalt of this operation, 
electric field can maximize permeability by the display device impressed to abbreviation parallel 
at a substrate 1 because polarizing plate absorption shaft orientations and the orientation 
processing direction [ in other words ] (the direction of rubbing) in level orientation processing 
make the include angle of 45 degrees most suitably less than **5 times 45 degrees less than 
**10 degrees 45 degrees to the electric-field impression direction by the above-mentioned 
electrode 4-5. 
[0054] 

With the gestalt of this operation, as shown in drawing 23 , the polarizing plate 6-7 prepared in 
both the substrates 1-2, respectively is formed so that the include angle whose polarizing plate 
absorption shaft and electrode expanding direction of an electrode 4-5 (ctenidium partial 
4aand5a) in each polarizing plate 6-7 are 45 degrees may be made, while mutual polarizing plate 
absorption shaft orientations intersect perpendicularly. 
[0055] 

Therefore, in the above-mentioned display device, the electric-field impression direction by the 
above-mentioned electrode 4-5 is making the direction of rubbing of the orientation film 8-9, and 
the include angle of 45 degrees in the polarizing plate absorption shaft-orientations list of the 
above-mentioned polarizing plate 6-7. 
[0056] 

In the gestalt of thiis operation, the direction of rubbing in the above-mentioned orientation film 
8-9 If it is clear and is in accordance with one polarizing plate absorption shaft of the above- 
mentioned polarizing plates 6-7 as shown in drawing 2 You may be parallel (the mutual direction 
of orientation (processing) is parallel, and the sense is the same) mutually, and the anti-parallel 
of orientation (processing) (antiparallelism), i.e., the mutual direction, may be parallel, and the 
sense may be the contrary (reverse), and you may lie at right angles. 
[0057] 

The above-mentioned orientation film 8-9 used in the gestalt of this operation respectively you 
may be the organic film, and may be the inorganic film, the degree of the order of the orientation 
of the molecule 1 0 which constitutes the above-mentioned medium A is raised, and orientation 
of this molecule 10 is carried out towards desired — it can even make, if it carries out Although 
not limited especially, when the above-mentioned orientation film 8-9 is formed with an organic 
thin film, since a good orientation effect is shown, it is more desirable to use an organic thin film 
as the above-mentioned orientation film 8-9. Polyimide is extremely stable and reliable also in 
such an organic thin film, and since the extremely excellent orientation effect is shown, the 
display device which shows the better display engine performance to an orientation film 
ingredient by using polyimide can be offered. 
[0058] 

In addition, the commercial level orientation film can be used as the above-mentioned orientation 

film 8-9. 

[0059] 

Moreover, as the above-mentioned orientation film 8-9, since the orientation control is easy, you 
may have the functional group (it is hereafter described as an optical functional group) which has 
light-sensitive nature. Although a cinnamate system, a chalcone system, etc. which carry out a 
dimerization reaction, for example, the azo which carries out isomerization are mentioned as the 
above-mentioned optical functional group, this invention is not limited to this. 
[0060] 

When the above-mentioned orientation film 8-9 has an optical functional group, desired 
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orientation processing can be easily performed by irradiating the ultraviolet rays which polarized 
(it being hereafter described as a polarization ultraviolet radiation exposure), and making above- 
mentioned pixel substrate 1 1 and opposite substrate 1 2 front face, i.e., the 8-orientation film 9 
above-mentioned front face, discover orientation restraining force. 
[0061] 

The above-mentioned display device is formed by enclosing said medium A with lamination and 
its opening through spacers which are not illustrated, such as a plastics bead and a glass fiber 
spacer, if needed by the sealing compound which does not illustrate the above-mentioned pixel 
substrate 1 1 and the opposite substrate 12 for example. 
[0062] 

The above-mentioned medium A used for the gestalt of this operation is a medium from which 
optical anisotropy changes by impressing electric field. Although electric displacement 
Du=epsilon ij-g will be produced rf electric field £j are added from the exterior into the matter, a 
slight change is then looked at by the dielectric constant (epsilonu). On the frequency of light, 
since the square of a refractive index (n) is equivalent to a dielectric constant, the above- 
mentioned medium A can also be said to be the matter from which a refractive index changes by 
impression of electric field. 
[0063] 

Thus, unlike the liquid crystal display component for which, as for the display device concerning 
the gestalt of this operation, the refractive index of the matter displays using the phenomenon 
(electro-optical effect) of changing with external electric Fields, and the molecule (the direction 
of orientation of a molecule) used rotating together by electric-field impression, the direction of 
optical anisotropy hardly changes, but displays by change (mainly electronic polarization and 
orientation polarization) of extent of the optical anisotropy. 
[0064] 

as the above-mentioned medium A, you may be matter which is the methods of ** (macroscopic 

— seeing — etc. — what is necessary is just a direction) optically, and optical anisotropy 
discovers by electric-field impression at the time of no electric-field impressing, such as matter 
in which the Pockels effect or the Kerr effect is shown, and may be the matter in which it has 
optical anisotropy at the time of no electric-field impressing, an anisotropy disappears by 
electricHleld impression, and isotropy (macroscopic — seeing — etc. — what is necessary is 
just a direction) is shown optically, typical — the time of no electric-field impressing — optical - 

- etc. — it is a direction (macroscopic — seeing — etc. — what is necessary is just a 
direction), and is the medium which discovers an optical modulation (it is desirable for a 
birefringence to go up especially by electric-field impression) by electric-field impression. 
[0065] 

In the state of no electrical-potential-difference impressing, in the state of electrical-potential- 
difference impression, the Pockels effect and the Kerr effect (in itself, observed in the state of 
an isotropic phase) are the electro-optical effects proportional to secondary [ of electric field / 
primary or secondary ], and since it is an isotropic phase, it is optically isotropic, but when a 
birefringence is discovered, they can modulate [ in the field to which electric field are impressed, 
the direction of a major axis of the molecule of a compound can carry out orientation of them in 
the direction of electric field, and ] permeability, respectively. For example, since each molecule 
arranged at random by in the case of the means of displaying using the matter in which the Kerr 
effect is shown impressing electric field and controlling the spin polarization of electron in one 
intramolecular rotates separately respectively and the sense is changed, a speed of response is 
very quick, and since the molecule has arranged disorderly, there is an advantage that there is 
no viewing-angle limit. In addition, what sees roughly among the above-mentioned media A, and 
is proportional to secondary [ of electric field / primary or secondary ] can be treated as matter 
in which the Pockels effect or the Kerr effect is shown. 
[0066] 

As matter in which the Pockels effect is shown, although organic solid materials, such as a 
hexamine, etc. are mentioned, it is not limited especially, for example. As the above-mentioned 
medium A, the various organic materials and inorganic material in which the Pockels effect is 
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shown can be used. 
[0067] 

Moreover, as matter in which the Kerr effect is shown, it is following structure-expression (1) 
(4). 

[0068] 
[Formula 1] 



c 




[0069] 

Although it comes out and the liquid crystallinity matter shown is mentioned, it is not limited 

especially. 

[0070] 

The Kerr effect is observed in a transparent medium to incident light. For this reason, the matter 
in which the Kerr effect is shown is used as a transparent medium. Usually, the liquid crystallinity 
matter shifts to the isotropic phase which has random orientation with a molecular level from a 
liquid crystal phase with short-distance order in connection with a temperature rise. That is, the 
Kerr effect of the liquid crystallinity matter is a phenomenon looked at by the liquid of the 
isotropic phase condition beyond liquid crystal phase [ not a nematic phase but ]-isotropic phase 
temperature, and the above-mentioned liquid crystallinity matter is used as a transparent 
dielectric liquid. 
[0071] 

Dielectric liquids, such as liquid crystallinity matter, will be in an isotropic phase condition, so 
that the operating environment temperature (whenever [ stoving temperature ]) by heating is 
high, therefore, in using dielectric liquids, such as liquid crystallinity matter, as the above- 
mentioned medium In order to use this dielectric liquid in the state of a transparent liquid to 
transparence, i.e., the light For example, heating means, such as a heater which is not illustrated, 
are formed around (1) medium layer 3. May heat the above-mentioned dielectric liquid with this 
heating means beyond the clearing point, may use, and (2) By the thermal radiation from a back 
light, heat conduction (the above-mentioned back light and a circumference drive circuit function 
as a heating means in this case) from a back light and/or a circumference drive circuit, etc., the 
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above-mentioned dielectric liquid may be heated beyond that clearing point, and may be used. 
Moreover, a sheet-like heater (heating means) may be pasted together as a heater to at least 
the (3) above-mentioned substrate 1 and one side of 2, and you may heat and use for 
predetermined temperature at them. Furthermore, in order to use the above-mentioned 
dielectric liquid in the state of transparence, the clearing point may use an ingredient lower than 
the operating-temperature-limits minimum of the above-mentioned display device. 

As for the above-mentioned medium A, it is desirable to include the liquid crystallinity matter, 
and when using the liquid crystallinity matter as the above-mentioned medium A, although it is 
the transparent liquid in which an isotropic phase is shown, it is macroscopically desirable [ this 
liquid crystallinity matter ] to include the cluster which is the molecule ensemble who has the 
short-distance order microscopically, arranged in the fixed direction. In addition, since the above- 
mentioned liquid crystallinity matter is used in the transparent condition to the light, the above- 
. mentioned cluster is also used in the transparent (directions [ target / optical J) condition to the 
light. 
[0073] 

For this reason, the above-mentioned display device as are mentioned above, and temperature 
control may be performed using heating means, such as a heater, and it is indicated by the 
patent reference 2 The medium layer 3 may be divided and used for a subsegment using 
polymeric materials etc. The diameter of the above-mentioned liquid crystallinity matter being 
referred to as 0.1 micrometers or less etc. for example, the above-mentioned liquid crystallinity 
matter It may consider as the minute drop let which has a path smaller than the wavelength of 
light, and you may carry out by controlling dispersion of light using the liquid crystallinity 
compound in which it considers as a transparence condition or a transparent isotropic phase is 
shown at operating environment temperature (room temperature) etc. Dispersion of the diameter 
of the above-mentioned liquid crystallinity matter and light when the path (major axis) of a 
cluster is still smaller than 0.1 micrometers or less, i.e., the wavelength of light, (incident light 
wavelength) can be disregarded. For this reason, if the path of the above-mentioned cluster is 
0.1 micrometers or less, for example, the above-mentioned cluster is also transparent to the 
light. 

[0074] . .. .J* j * 

In addition, the above-mentioned medium A is not limited to the matter to which it is .nd.cated 
that the Pockels effect or the Kerr effect mentioned above. For this reason, the above- 
mentioned medium A may have the order structure where the array of a molecule has the cubic 
symmetry of the scale below the wavelength of light (for example, nano-scale). and you may 
have the cubic phase (3-6 to nonpatent literature 8 reference) which looks isotropic optically. A 
cubic phase is the following structure expression (5). for example as liquid crystallinity matter in 
which it is one of the liquid crystal phases of the liquid crystallinity matter which can be used as 
the above-mentioned medium A, and a cubic phase is shown. 
[0075] 
[Formula 2] 

C 8 H 17 0 \W- \ N _ Nv /— \ ... (5) 
v v jn n, / ^ , 0 H 17 Cg 




[0076] 

It comes out and the BABH8 grade shown is mentioned. If electric field are impressed to such 
liquid crystallinity matter, distortion will be given to the fine structure and it will become possible 
to carry out induction of the optical modulation. 
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[0077] 

BABH8 shows the cubic phase which consists of order structure of having the cubic symmetry 
of the scale below the wavelength of light in a temperature requirement (136.7 degrees C or 
more and 161 degrees C or less). This BABH8 has the order structure below the wavelength of 
light, and a good black display can be performed to the bottom of a crossed Nicol in the above- 
mentioned temperature requirement by the optical isotropy being shown at the time of no 
electrical-potential-difference impressing. 
[0078] 

If an electrical potential difference is impressed between electrodes 4-5 (Kushigata electrode) 
on the other hand, controlling the temperatu?e of the above BABH8 using the heating means 
described above, for example at 136.7 degrees C or more and 161 degrees C or less, distortion 
will arise in the structure (order structure) of having cubic symmetric property. That is, in the 
above-mentioned temperature requirement, the above BABH8 is isotropic in the state of no 
electrical-potential-difference impressing, and an anisotropy discovers it by electrical-potential- 
difference impression. 
[0079] 

Thereby, since a birefringence occurs in the above-mentioned medium layer 3, the above- 
mentioned display device can perform a good white display. In addition, the direction which a 
birefringence generates is fixed and the magnitude changes with electrical-potential-difference 
impression, moreover, the electrical-potential-difference permeability curve which shows the 
relation of the electrical potential difference and permeability which are impressed between 
electrodes 4-5 (Kushigata electrode) — a temperature requirement (136.7 degrees C or more 
and 161 degrees C or less), about 20 [ i.e., ], — it becomes the curve stabilized in the large 
temperature requirement K. For this reason, when the above BABH8 is used as the above- 
mentioned medium A, temperature control can be performed very easily. That is, since the 
medium layer 3 which consists of the above BABH8 is a stable phase thermally, rapid 
temperature dependence is not discovered and it is very easy temperature control. 
[0080] 

Moreover, filled up with the aggregate in which the liquid crystal molecule carried out orientation 
to the radial in the size below the wavelength of light as the above-mentioned medium A. also 
realizing a system which looks isotropic optically — possible — liquid crystal and a particle 
dispersed system given in a liquid crystal micro emulsion and nonpatent literature 5 given [ as 
the technique ] in nonpatent literature 4 (the mixed stock which made the particle intermingled 
in a solvent (liquid crystal) — ) It is also possible to apply hereafter the technique only described 
as a liquid crystal particle dispersed system. If electric field are impressed to these, it is possible 
for distortion to be given to the aggregate of radial orientation and to carry out induction of the 
optical modulation. 
[0081] 

In addition, each these liquid crystallinity matter may show liquid crystallinity alone, by mixing 
two or more matter, liquid crystallinity may be shown and other non-liquid crystallinity matter 
may be mixed in these matter. Furthermore, the matter of the macromolecule and a liquid crystal 
dispersed system which is indicated by nonpatent literature 1 is also applicable. Moreover, a 
gelling agent which is indicated by nonpatent literature 2 may be added. 
[0082] 

Moreover, as the above-mentioned medium A, it is desirable to contain a polar molecule, for 
example, a nitrobenzene etc. is suitable as a medium A. In addition, a nitrobenzene is also a kind 
of the medium in which the Kerr effect is shown. 
[0083] 

Although an example of the gestalt of the matter which can be used for below as the above- 
mentioned medium A, or this matter is shown, this invention is not limited only to the following 
instantiation. 
[0084] 

[Smectic D phase (SmD)] 

A smectic D phase (SmD) is one of the liquid crystal phases of the liquid crystallinity matter 
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which can be used as the above-mentioned medium A, it has three dimensional grating structure 
and the lattice constant is below the wavelength of light. For this reason, a smectic D phase 
shows isotropy optically. 
[0085] 

As liquid crystallinity matter in which a smectic D phase is shown, it is given in nonpatent 
literature 3 or nonpatent literature 8 general formula [ following ] (6) - (7), for example. 
[0086] 
[Formula 3] 



m AA 2m+l 




N0 2 



C m H 2m+1 0 




COOH 



(7) 



[0087] 

It comes out and the ANBC16 grade expressed is mentioned, in addition, above-mentioned 
general formula (6) - (7) — setting — m — the integer of arbitration — in a general formula (6), 
m= 15 is shown in m= 16 and a general formula (7), and, specifically, X shows two -NO(s). 
[0088] 

In a 171.0 degrees C - 197.2 degrees C temperature requirement, a smectic D phase discovers 
the above ANBC16. If ANBC16 impresses electric field to ANBC16 in the above-mentioned 
temperature field which shows a smectic D phase, since a dielectric anisotropy exists in the 
molecule of ANBC16 itself, a molecule arises in the direction of electric field, and distortion 
arises in grids structure as the other side. That is, optical anisotropy is discovered to ANBC16. 
In addition, if it is the matter in which not only ANBC16 but a smectic D phase is shown, it is 
applicable as a medium A of the display device concerning the gestalt of this operation. 
[0089] 

[Liquid crystal micro emulsion] 

A liquid crystal micro emulsion is the generic name of the system (mixed stock) which permuted 
the oil child of an O/W mold micro emulsion (it is the system in which water was dissolved in the 
form of waterdrop with the surfactant, and an oil serves as a continuous phase into an oil) by the 
thermotropic liquid crystal molecule proposed in nonpatent literature 4. 
[0090] 

As an example of a liquid crystal micro emulsion, there is mixed stock of the pentyl cyano 
biphenyl (5CB) which is indicated by nonpatent literature 4 and which is the thermotropic liquid 
crystal in which a nematic liquid crystal phase is shown, and the water solution of the didodecyl 
ammonium star's picture (DDAB) which. is the lyotropic (rye OTORO pick) liquid crystal in which 
an inverted micelle phase is shown, for example. This mixed stock has the structure expressed 
with a mimetic diagram as shown in drawing 8 and drawing 9 . 
[0091] 

Moreover, the diameter of reversed micelle is [ the distance between about 50A and reversed 
micelle of this mixed stock ] about 200A typically. These scales are smaller than the wavelength 
of light about single figure. Moreover, reversed micelle exists in the three-dimensions space 
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target at random, and 5CB(s) are carrying out orientation to the radial the core [ each reversed 

micelle ]. Therefore, this mixed stock shows isotropy optically. 

[0092] 

And if electric field are impressed to the medium which consists of this mixed stock, since a 
dielectric anisotropy exists in 5CB, the molecule itself considers as the other side in the 
direction of electric field. That is, an orientation anisotropy is discovered in the system which 
were directions [ target / optical ] since orientation was carried out to the radial the core 
[ reversed micelle ], and optical anisotropy is discovered in it. In addition, not only at the above- 
mentioned mixed stock but at the time of no electrical-potential-difference impressing, isotropy 
is shown optically, and if it is the liquid crystal micro emulsion which eptical anisotropy discovers 
by electrical-potential-difference impression, it is applicable as a medium A of the display device 
concerning the gestalt of this operation. 
[0093] 

[Lyotropic liquid crystal] 

It seems that the main molecule which forms liquid crystal has melted into solvents (water, 
organic solvent, etc.) with other properties, and also lyotropic (rye OTORO pick) liquid crystal 
means the liquid crystal of a component system. Moreover, the above-mentioned specific phase 
is a phase which shows isotropy optically at the time of no electric-field impressing. As such a 
specific phase, there are a micell phase indicated by nonpatent literature 11, a sponge phase, a 
cubic phase, and an inverted micelle phase, for example. The classification Fig. of a lyotropic 
liquid crystal phase is shown in drawing 10 . 
[0094] 

There is matter which discovers a micell phase in the surfactant which is amphiphile. For 
example, a water solution of a sodium dodecyl sulfate, a water solution of a PAL thymine acid 
potassium, etc. which are an ionic surfactant form a spherical micell. Moreover, with the mixed 
liquor of the polyoxyethylene nonylphenyl ether and water which are a nonionic surfactant, when 
a nonylphenyl radical works as a hydrophobic group and an oxyethylene chain works as a 
hydrophilic group, a micell is formed. The water solution of a styrene-ethylene oxide block 
copolymer also forms a micell in others. 
[0095] 

For example, a molecule carries out packing (a molecular assembly is formed) of the spherical 
micell to a spatial omnidirection, and it shows the shape of a ball. Moreover, since the size of a 
spherical micell is below the wavelength of light, it does not show an anisotropy but looks 
isotropic. However, if electric field are impressed to such a spherical micell, since a spherical 
micell is distorted, an anisotropy will be discovered. Therefore, the lyotropic liquid crystal which 
has a spherical micell phase is also applicable as a medium A of the display device concerning 
the gestalt of this operation. In addition, the same effectiveness can be acquired even if it uses 
the micell phase of not only a spherical micell phase but other configurations, i.e., a string-like 
micell phase, an ellipse-like micell phase, and cylindrical micell equality as a medium A. 
[0096] 

Moreover, generally it is known that the reversed micelle which the hydrophilic group and the 
hydrophobic group replaced depending on concentration, temperature, and the conditions of a 
surfactant will be formed. Such reversed micelle shows the same effectiveness as a micell 
optically. Therefore, effectiveness equivalent to the case where a micell phase is used is done so 
by applying an inverted micelle phase as a medium A. In addition, the liquid crystal micro 
emulsion mentioned above is an example of a lyotropic liquid crystal which has an inverted 
micelle phase (reversed micelle structure). 
[0097] 

Moreover, the concentration and the temperature field which show a sponge phase as shown in 
drawing 10 , and a cubic phase exist in the water solution of the pentaethylene glycol- 
dodecylether which is a nonionic surfactant. Since such a sponge phase and a cubic phase have 
the order below the wavelength of light, they are the transparent matter. That is, the medium 
which consists of these phases shows isotropy optically. And if an electrical potential difference 
is impressed to the medium which consists of these phases, orientation order will change and 
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optical anisotropy will be discovered. Therefore, the lyotropic liquid crystal which has a sponge 
phase and a cubic phase is also applicable as a medium A of the display device concerning the 
gestalt of this operation. 
[0098] 

[Liquid crystal particle dispersed system] 

Moreover, Medium A may be the liquid crystal particle dispersed system which made the latex 
particle with a diameter of about 100A which embellished the front face with the sulfuric-acid 
radical in the water solution of nonionic surfactant pentaethylene glycol-dodecylether 
intermingled. Although a sponge phase is discovered in the above-mentioned liquid crystal 
particle dispersed system, you may be the liquid crystal particle dispersed system which 
discovers the micell phase mentioned above, a cubic phase, an inverted micelle phase, etc. as a 
medium A used in the gestalt of this operation. In addition, the same oriented structure as the 
liquid crystal micro emulsion mentioned above can also be acquired by replacing with the above- 
mentioned latex particle and using said DDAB. 
[0099] 

[DIN DORIMA] 

DIN DORIMA is the high branched polymer of the shape of three dimensions which has branching 
for every monomeric unit. Since DIN DORIMA has much branching, if it becomes the above 
molecular weight to some extent, it will serve as spherical structure. Since this spherical 
structure has the order below the wavelength of light, it is the transparent matter, by electrical- 
potential-difference impression, orientation order changes and optical anisotropy discovers it 
Therefore. DIN DORIMA is also applicable as a medium A of the display device concerning the 
gestalt of this operation. Moreover, the same oriented structure as the liquid crystal micro 
emulsion mentioned above can be acquired by replacing with DDAB in the liquid crystal micro 
emulsion mentioned above, and using above-mentioned DIN DORIMA. Thus, the obtained medium 
is also applicable as the above-mentioned medium A. 
[0100] 

[Cholesteric blue phase] 

The cholesteric blue phase forms periodic structure in [ a screw axis ] three dimension, and it is 
known that the structure has high symmetric property (for example, 6-nonpatent literature 7 
reference). Since the cholesteric blue phase has the order below the wavelength of light, it is the 
almost transparent matter, by electrical-potential-difference impression, orientation order 
changes and optical anisotropy discovers it. That is, in order that a cholesteric blue phase may 
show isotropy in general optically and a liquid crystal molecule may make it the other side in the 
direction of electric field by electric-field impression, a grid discovers distortion and an 
anisotropy. 
[0101] 

In addition, as matter in which a cholesteric blue phase is . shown, the constituent which mixes 
"5CB" (a 4-cyano-4'-pentyl biphenyl, nematic liquid crystal) 47.4% of the weight, and comes to 
mix "ZU-4572" (a trade name, chiral dopant by Merck Co.) at 4.4% of the weight of a rate is 
known 48.2% of the weight in "001041" (a trade name, liquid crystal mixture by Chisso Corp.), for 
example. This constituent shows a cholesteric blue phase in the temperature requirement of 
330.7K to 331. 8K. 
[0102] 

[Smectic blue phase] 

Since a smectic blue (BPSm) phase has the structure of high symmetric property (for example, 
refer to nonpatent literature 7 and nonpatent literature 10 grade) and has the order below the 
wavelength of light like the KOSUTE rucksack blue phase, it is the almost transparent matter, by 
electrical-potential-difference impression, orientation order changes and optical anisotropy 
discovers it. That is, in order that a smectic blue phase may show isotropy in general optically 
and a liquid crystal molecule may make it the other side in the direction of electric field by 
electric-field impression, a grid discovers distortion and an anisotropy. 
[0103] 

In addition, as matter in which a smectic blue phase is shown, FH/FH/HH-14BTMHC indicated 
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by nonpatent literature 10 is mentioned, for example. By 74.4 degrees C - 73.2 degrees C, this 
matter shows BPSm2 phase at a BPSm three phase circuit and 73.2 degrees C - 72.3 degrees 
C, and shows a BPSm plane 1 at 72.3 degrees C - 72.1 degrees C. Since a BPSm phase has the 
structure of high symmetric property as shown in nonpatent literature 7 f the optical isotropy is 
shown in general. Moreover, if electric field are impressed to matter FH/FH/HH-14BTMHC, 
when a liquid crystal molecule considers as the other side in the direction of electric field, as for 
distortion and this matter, a grid will discover an anisotropy. Therefore, this matter can be used 
as a medium A of the display device concerning the gestalt of this operation. 
[0104] 

As mentioned above, the matter which can bfc used as a medium A in the display device 
concerning the gestalt of this operation If only optical anisotropy (whenever [ refractive-index 
and orientation order ]) changes with impression of electric field You may be the matter in which 
the Pockels. effect or the Kerr effect is shown. A cubic phase, You may be the lyotropic liquid 
crystal or liquid crystal particle dispersed system which may consist of a molecule in which it is 
shown any of a smectic D phase, a cholesteric blue phase, and a smectic blue phase they are, 
and shows any of a micell phase, an inverted micelle phase, a sponge phase, and a cubic phase. 
Moreover, the above-mentioned medium A may be a liquid crystal micro emulsion, DIN DORIMA 
(DIN DORIMA molecule) and an amphipatic molecule, a copolymer, or polar molecules other than 
the above. 
[0105] 

Moreover, as for the above-mentioned medium, it is desirable to have the order structure below 
the wavelength of light (orientation order) not only at the liquid crystallinity matter but at the 
time of electrical-potential-difference impression or no electrical-potential-difference 
impressing. If order structure is below the wavelength of light, isotropy is shown optically. 
Therefore, the display condition at the time of no electrical-potential-difference impressing and 
electrical-potential-difference impression can certainly be changed by using the medium by 
which order structure becomes below the wavelength of light at the time of electrical-potential- 
difference impression or no electrical-potential-difference impressing. 
[0106] 

Although the pentyl cyano biphenyl (5CB) shown with said structure expression (1) shall be 
hereafter used as the above-mentioned medium A with the gestalt of this operation, as the 
above-mentioned medium A, it is not limited to this, and it can replace with the above- 
mentioned 5CB, and the various matter mentioned above can be applied. 
[0107] 

According to the gestalt of this operation, ITO is used as the above-mentioned electrode 4-5. 
The line breadth of 5 micrometers, Thickness (namely, distance between substrates 1-2) of the 
inter-electrode distance of 5 micrometers and the medium layer 3 is set to 1 0 micrometers, as 
Medium A — 5CB(s) — using it — the exterior — warming — permeability was able to be 
changed by equipment's (heating means') maintaining the above-mentioned 5CB at the 
temperature near right above [ of a nematic isotropic phase / phase transition ] (temperature 
slightly higher than phase transition temperature, for example, +0.1 K), and performing electrical- 
potential-difference impression. In addition, the above-mentioned 5CB shows an isotropic phase 
at a nematic phase and the temperature beyond it with the temperature of less than 33.3 
degrees C. 
[0108] 

Next, the display principle in the display device concerning the gestalt of this operation is 
explained below with reference to drawing 1 (a) -(b) drawing 4 (a) - (b), drawing 6 , and drawing 7 
(a) - (g). 
[0109] 

In addition, although the case where mainly use the display device of a transparency mold as the 
above-mentioned display device in the following explanation, and the method of ** and the 
matter which is a method of ** suitably and optical anisotropy discovers by electric-field 
impression are used mostly optically at the time of no electric-field impressing shall be 
mentioned as an example and it shall explain, this invention is not limited to this. 
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[0110] 

Drawing 4 (a) is the important section top view showing typically the configuration of the display 
device concerning the gestalt of this operation in electric-field the condition of not impressing 
(OFF condition), and drawing 4 (b) is the important section top view showing typically the 
configuration of the above-mentioned display device in an electrical-potential-difference 
impression condition (ON condition). In addition, the configuration in 1 pixel [ in / in drawing 4 (a) 

- (b) / the above-mentioned display device ] shall be shown, and illustration is omitted about the 
configuration of the expedient top of explanation, and the opposite substrate 1 2. in addition, as 
the above-mentioned electrode 4-5, it was shown in drawing 3 — as — the Kushigata electrode 

— you may be — the above-mentioned substrate 1 -2 — abbreviation — if there are etfen some 
which can impress parallel electric field, it will not be limited especially. Moreover, an arrow head 
shows a polarizing plate absorption shaft among drawing. 

[0111] 

Drawing 6 is a graph which shows the relation of the applied voltage and the permeability in the 
display device shown in drawing 1 (a) - (b). Furthermore, drawing 7 (a) - (g) The difference in the 
display principle of the display device which displays using change of the optical anisotropy by 
impression of electric field, and the conventional liquid crystal display component It is the 
sectional view typically shown in the configuration (the configuration of the cut end of an index 
ellipsoid shows) and its direction of a main shaft of an average index ellipsoid of the . medium at 
the time of no electrical-potential-difference impressing and electrical-potential-difference 
impression (OFF condition) (ON condition). Drawing 7 (a) The sectional view at the time (OFF 
condition) of no electrical-potential-difference impressing [ of the display device as which - (g) 
displays it on order using change of the optical anisotropy by impression of electric field ], The 
sectional view at the time of electrical-potential-difference impression of this display device (ON 
condition), the sectional view at the time of no electrical-potential-difference impressing [ of the 
liquid crystal display component of TN (Twisted Nematic) method ], The sectional view at the 
time of electrical-potential-difference impression of the liquid crystal display component of this 
TN method, the sectional view at the time of no electrical-potential-difference impressing [ of 
the liquid crystal display component of VA (Vertical Alignment) method ], The sectional view at 
the time of electrical-potential-difference impression of the liquid crystal display component of 
this VA method, the sectional view at the time of no electrical-potential-difference impressing 
[ of the liquid crystal display component of an IPS (In Plane Switching) method ], and the 
sectional view at the time of electrical-potential-difference impression of the liquid crystal 
display component of this IPS method are shown. 
[01 12] 

Generally, the refractive index in the matter is not isotropic and changes with directions, the 
direction (substrate side inboard) where the anisotropy of this refractive index is parallel to a 
substrate side — and the opposite direction of two electrodes 4-5, a direction (the direction of a 
substrate normal) perpendicular to a substrate side, and a direction (substrate side inboard) 
parallel to a substrate side — and — if a direction perpendicular to the opposite direction of two 
electrodes 4-5 is made into x, y, and the direction of z, respectively — the rectangular 
coordinate system (XI, X2. X3) of arbitration — using — the following relational expression (1) 
[0113] 
[Equation 1] 



f \ 
1 

n 2 



XiXj=l •••(!) 



[0114] 

(2 nji=nu, i. j= 1 , 3) 

It comes out and is shown, by the. ellipsoid (index ellipsoid) expressed (for example, nonpatent 
literature 12 reference). Here, when the above-mentioned relational expression (1) is rewritten 
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using the system of coordinates (Y1 f Y2, Y3) of the direction of a main shaft of an ellipsoid, it is 
the following relational expression (2). 
[0115] 
[Equation 2] 




[0116] 

It is come out and shown. n1, n2, and n3 (it is hereafter described as nx, ny, and nz) are called 
the principal indices of refraction, and they are equivalent to. the one half of the die length of 
three main shafts in an ellipsoid. Considering the light wave which advances in the direction 
perpendicular to the field of Y3=0 from a zero, this light wave has a polarization component in 
the direction of Y1 and Y2. and the refractive indexes of each component are nx and ny, 
respectively, the light which generally advances in the direction of arbitration — receiving — a 
zero — a passage — a field perpendicular to the travelling direction of a light wave — an index 
ellipsoid — it is considered a cut end, and the direction of a main shaft of this ellipse is the 
direction of a component of polarization of a light wave, and the one half of the die length of a 
main shaft is equivalent to the refractive index of that direction. 
[0117] 

First, about the difference of a display principle with the display device which displays using 
change of the optical anisotropy by impression of electric field, and the conventional liquid 
crystal display component, as a conventional liquid crystal display component, TN method, VA 
method, and an IPS method are held for an example, and are explained. 
[0118] 

Drawing 7 (c) As shown in - (d), the liquid crystal display component of TN method The liquid 
crystal layer 105 is pinched between the substrates 101.102 of the pair by which opposite 
arrangement was carried out. Although it has the configuration in which the transparent 
electrode 103-104 (electrode) is formed on both the above-mentioned substrates 101-102, 
respectively, and the direction of a m^jor axis. of the liquid crystal molecule in the liquid crystal 
layer 1 05 is twisted spirally and orientation is carried out at the time of no electrical-potential- 
difference impressing At the time of electrical-potential-difference impression, the direction of a 
major axis of the above-mentioned liquid crystal molecule carries out orientation along the 
direction of electric field. In this case, as are shown in drawing 7 (c) at the time of no electrical- 
potential-difference impressing, and average index ellipsoid 105a which can be set turns to the 
direction (substrate side inboard) where that direction of a main shaft (the direction of a mEuor 
axis) is parallel to a substrate side and shows it to drawing 7 (d) at the time of electrical- 
potential-difference impression, that direction of a main shaft turns to the direction of a 
substrate side normal. That is, the direction of a main shaft changes in the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, without the 
configuration of index ellipsoid 105a changing (index ellipsoid 105a rotates). 
[0119] 

As shown in - (f), as for the liquid crystal display component of VA method, the liquid crystal 
layer 205 is pinched between the drawing 7 (e) substrates 201.202 of the pair by which opposite 
arrangement was carried out. the direction of a major axis of a liquid crystal molecule [ in / it 
has the configuration equipped with the transparent electrode (electrode) 203-204 on both the 
above-mentioned substrates 201-202, respectively, and / in the time of no electrical-potential- 
difference impressing / the liquid crystal layer 205 ] — a substrate side — receiving — 
abbreviation, although orientation is carried out in the perpendicular direction At the time of 
electrical-potential-difference impression, the direction of a m^jor axis of the above-mentioned 
liquid crystal molecule carries out orientation in the direction perpendicular to electric field. In 
this case, at the time of no electrical-potential-difference impressing, average index ellipsoid 
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205a which can be set turns to the direction (substrate side inboard) where that direction of a 
main shaft is parallel to a substrate side at the time of electrical-potential-difference impression, 
as are shown in drawing 7 (e). and that direction of a main shaft (the direction of a major axis) 
turns to the direction of a substrate side normal and shows drawing 7 (f). That is. in the case of 
the liquid crystal display component of VA method as well as the liquid crystal display 
component of TN method, the direction of a main shaft changes in the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, without the 
configuration of index ellipsoid 205a changing (index ellipsoid 205a rotates). 

[0120] . 
Moreover, as the liquid crystal display component of an IPS mSthod is shown in drawing 7 (f) - 
(g) By an electrical potential difference being impressed to the liquid crystal layer by which one 
pair of electrodes 302-303 were pinched between the opposite substrates which have the 
configuration by which opposite arrangement was carried out and are not illustrated with the 
above-mentioned electrode 302-303 on the same substrate 301 The direction of orientation of 
the liquid crystal molecule in the above-mentioned liquid crystal layer (the direction of a main 
shaft of index ellipsoid 305a (the direction of a major axis)) can be changed, and a display 
condition which is different in the time of no electrical-potential-difference impressing and 
electrical-potential-difference impression can be realized now. That is, the direction of a main 
shaft changes in the time of the electrical-potential-difference impression which is shown at the 
time of no electrical-potential-difference impressing [ which is shown like the liquid crystal 
display component of TN method and VA method at drawing 7 (f) ]. and drawing 7 (g) also in the 
case of the liquid crystal display component of an IPS method, without the configuration of index 
ellipsoid 305a changing (index ellipsoid 305a rotates). 
[0121] 

Thus, the liquid crystal molecule is carrying out orientation in a certain direction also in the time 
of no electrical-potential-difference impressing, and it is expressing as the conventional liquid 
crystal display component by changing the direction of orientation by impressing an electrical 
potential difference (modulation of permeability). That is, although the configuration of an index 
ellipsoid does not change, it shows using the direction of a main shaft of an index ellipsoid 
rotating by electrical-potential-difference impression (change). That is, whenever [ orientation 
order / of a liquid crystal molecule ] is fixed, and expresses as the conventional liquid crystal 
display component by changing the direction of orientation (modulation of permeability). 
[0122] 

On the other hand, the display devices also including the display device concerning the gestalt of 
this operation which display using change of the optical anisotropy by impression of electric field 
Drawing 7 (a) As shown in - (b), the configurations of index ellipsoid 3a at the time of no 
eiectrical-potential-difference impressing are directions [ globular shape /, i.e., an optical target 
etc., ] (whenever [ nx=ny=nz and orientation order ] = 0), and an anisotropy (nx>ny and 
orientation order whenever > 0) discovers them by impressing an electrical potential difference, 
in addition, the above nx, ny, and nz — a direction (substrate side inboard) respectively parallel 
to a substrate side — and a direction (substrate side inboard) parallel to the principal indices of 
refraction of the opposite direction of two electrodes 4-5, the principal indices of refraction of a 
direction (the direction of a substrate normal) perpendicular to a substrate side, and a substrate 
side — and the principal indices of refraction of a direction perpendicular to the opposite 
direction of two electrodes 4-5 are expressed. 
[0123] 

Thus, the display device concerning the gestalt of this operation displays, when the direction of 
optical anisotropy modulates for example, whenever [ orientation order ] by regularity (the 
electrical-potential-difference impression direction does not change), and display principles differ 
greatly as the conventional liquid crystal display component. 
[0124] 

As shown in drawing 1 (a), since the medium A (medium layer 3) enclosed between substrate 1 
and 2 shows an isotropic phase and serves as a method of ** also optically, the display device 
concerning the gestalt of this operation becomes a black display in the condition of not 
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impressing the electrical potential difference to an electrode 4 and 5. 
[0125] 

On the other hand, since orientation will be carried out so that each molecule 10 of the above- 
mentioned medium A may meet the electric field by which the direction of a m£u'or axis is formed 
between the above-mentioned electrode 4 and 5 if an electrical potential difference is impressed 
to an electrode 4 and 5 as shown in drawing 1 (b) t a birefringence phenomenon is discovered. 
According to this birefringence phenomenon, the permeability of a display device can be 
modulated according to the electrical potential difference between electrodes 4-5. 
[0126] 

In addition, although an electrical potential difference required in order to modulate the 
permeability of a display device in temperature sufficiently far from phase transition temperature 
(transition point) becomes large, immediately, at temperature right above, it is an electrical 
potential difference before and behind 0 - 100V, and the thing of the transition point for which 
permeability is fully modulated becomes possible. 
[0127] 

For example, when the refractive index of the direction of electric field and the refractive index 
of a direction perpendicular to the direction of electric field are made into n//and n**, 
respectively according to nonpatent literature 9 and nonpatent literature 12, the relation 
between birefringence change (deltan=n//-n**), and the external electric field (V/m) E, i.e., 
electric field, is the following relational expression (3). 
delta n=lambda-Bk-E 2 — (3) 

It is come out and expressed. In addition, lambda is [ a Kerr constant (m/V2) and E of the 
wavelength (m) of the incident light in the inside of a vacuum and Bk ] impression field strength 
(V/m). 
[0128] 

Though decreasing with the function proportional to 1/(T-Tni) is known with the rise of 
temperature (T) and Kerr constant B can be driven with weak field strength near the transition 
point (Tni), while temperature (T) rises, rapidly required field strength increases, for this reason - 
- although an electrical potential difference required in order to modulate permeability becomes 
large at temperature (temperature higher enough than the transition point) sufficiently far from 
the transition point — the temperature of phase transition right above — about 100 — 
permeability can fully be modulated on V or less electrical potential difference. 
[0129] 

However, when displaying by modulating whenever [ orientation order ] as a result of the 
invention-in-this-application person's examination, it turned out that contrast may fall depending 
on the case. 
[0130] 

According to an invention-in-this-application person's etc. examination, the following two factors 

are mentioned as a factor to which contrast falls. 

[0131] 

When a power source is first supplied to one in the display equipped with the conventional 
display device or this conventional ****** which used for the display medium the medium A 
which optical anisotropy discovers by impression of electric field, and ambient temperature is 
low, the above-mentioned medium A does not reach the temperature which should be driven 
essentially, but it is mentioned that the physical condition of Medium A may differ from the 
condition that it should have essentially at the time of a component drive. For example, when the 
above-mentioned medium A must drive essentially in the state of the isotropic phase of the 
phase-transition-temperature right above of a nematic-isotropic phase, it may be a low- 
temperature nematic state from the above-mentioned phase transition temperature at the power 
up. In this case, non-electric-field impression also has optical anisotropy, and if nematic, light is 
made penetrated by that optical anisotropy, when isotropic state must attain a black display 
essentially in the state of no electric-field impressing. Therefore, a good black display becomes 
impossible to such a case, and contrast will fall to it Of course, although a display device can be 
overheated according to a heater or the light source (back light) and a good display can be 
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obtained, it is not easy to raise temperature and to stabilize it in an instant. 
[0132] 

It is mentioned that there is a case where it becomes impossible to realize an optically isotropic 
condition since another will be firmly adsorbed in the molecule 1 0 which constitutes Medium A 
from a substrate interface, especially substrate 1 interface with a substrate 1 even if the above- 
mentioned medium A (display medium) has realized the optically isotropic condition in the field 
distant from the substrate interface. For example, when making it drive at the temperature of 
phase-transition-temperature right above 0.1K of a nematic-isotropic phase, near the substrate 
interface is a nematic state. 
[0133] 

Anyway, near a substrate interface, there is a problem which differs from the bulk field where the 
physical condition of the above-mentioned medium A separated from the substrate interface in 
the interior of a eel unlike the condition that it should have essentially at the time of a 
component drive by the absorption phenomenon that the phenomenon which light penetrates by 
the medium A near the substrate interface at the time of a black display will occur, consequently 
contrast will fall. 
[0134] 

The point that a nematic liquid crystal phase deposits at the temperature of under the transition 
point also by the display device concerning the gestalt of this operation is the same as that of 
the above-mentioned conventional display device. However, according to the display device 
concerning the gestalt of this operation, ambient temperature is lower than the above-mentioned 
transition point to a power up, for example. When Medium A has not reached the temperature 
which should be driven essentially, the nematic liquid crystal phase which deposited The 
direction of orientation (processing) in the above-mentioned orientation film 8-9, and in order 
[ as shown in drawing 5 , ] to carry out orientation to polarizing plate absorption shaft 
orientations (an arrow head shows among drawing) in this case, there is no optical contribution 
by the above-mentioned nematic liquid crystal phase, i.e., the medium by which physical 
condition differs from the condition at the time of an original drive. Consequently, it was also 
able to set, by the time the temperature of a display device rose with the heater and the back 
light, and the good black display was able to be realized. 
[0135] 

Namely, even if an optical anisotropy is discovered at the time of no electrical-potential- 
difference impressing according to the gestalt of this operation Level orientation processing of 
the direction which is parallel or intersects perpendicularly with one polarizing plate absorption 
shaft is performed to the mutual opposite front face in the above-mentioned pixel substrate 1 1 
and the opposite substrate 2. The optical contribution can be vanished by carrying out in the 
direction which is parallel or intersects perpendicularly with the above-mentioned polarizing plate 
absorption shaft, the direction of orientation, i.e., direction, of the optical anisotropy. That is, in 
the gestalt of this operation, by level orientation processing being performed to the mutual N 
opposed face front face in the above-mentioned pixel substrate 1 1 and the opposite substrate 
12, Medium A and the molecule 10 which constitutes this medium A strictly of a substrate 
interface are the temperature of under component drive temperature, and carries out orientation 
along the direction of orientation (processing) in the above-mentioned orientation processing. 
[0136] 

Moreover, according to the display device concerning the gestalt of this operation, even if it 
arrived at the desired drive temperature field, the leakage of the light at the time of the black 
display by the molecule which stuck to the substrate interface was not observed, but was able 
to realize high contrast. Consequently, the display device which contrast did not fall and was 
excellent in high-speed responsibility and an angle-of-visibility property was able to be obtained. 

[0137] 

In addition, although it is desirable that they are a rectangular cross, parallel, or anti-parallel as 
for the mutual direction of rubbing in the above-mentioned substrate 1-2 as described above, it 
is more desirably at parallel or the time of anti-parallel. While performing level orientation 
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processing to both the above-mentioned substrates 1-2, by considering the mutual direction of 
level orientation as parallel or anti-parallel, contrast could be maximized, consequently black 
brightness was able to be made smaller 
[0138] 

In addition, with the gestalt of this operation, although rubbing processing was performed in the 
formation list of the orientation film 8-9 to both the substrates 1-2 (the pixel substrate 1 1 and 
opposite substrate 12), the above-mentioned effectiveness can be acquired, even if it is the 
case where rubbing processing is performed only to one substrate. In this case, it is got blocked 
when the above-jnentioned orientation film 8-9 is formed in both the substrates 1-2. Although 
the effectiveness of a like is not acquired when orientation processing is performed to both the 
substrates 1-2, if the orientation film (orientation film 9) is formed only in the substrate 2 of the 
opposite side in the substrate 1 in which the electrode 4-5 was formed A practical merit is large, 
without the voltage drop originating in the orientation film 8 by the side of a substrate 1 npt 
occurring, but the driver voltage of a component going up. Moreover, even if it became desired 
drive temperature, it did not generate but the optical leakage by the molecule which stuck to the 
substrate interface was able to acquire high contrast. Moreover, even if it became desired drive 
temperature, it did not generate but the optical leakage by the molecule which stuck to the 
substrate interface was able to acquire high contrast. 
[0139] 

On the other hand, for the comparison, as shown in drawing 1 1 (a) - (b), the orientation film 8 
and 9 were not formed but the leakage of the light at the time of a black display when ambient 
temperature is lower than the above-mentioned transition point, until the temperature of a 
display device rises to a power up was investigated using the display device which has the same 
configuration as the above-mentioned gestalt of this operation except not performing orientation 
processing. 
[0140] 

Drawing 1 1 (a) is the sectional view showing typically the outline configuration of the important 
section of the display device for a comparison in electrical-potential-difference the condition of 
not impressing (OFF condition), and drawing 1 1 (b) is the sectional view showing typically the 
outline configuration of the important section of the display device for a comparison in an 
electrical-potential-difference impression condition (ON condition). Moreover, drawing 12 (a) is 
the important section top view showing typically the condition of the medium of the display 
device for a comparison in the temperature of under drive temperature, and drawing 12 (b) is the 
explanatory view showing the relation of the polarizing plate absorption shaft and the direction of 
electric field (orientation) in the display device shown in drawing 1 2 (a). 
[0141] 

When not performing orientation processing, as shown in drawing 12 (a), orientation of the 
nematic liquid crystal phase in which it deposited at the time of low temperature is carried out at 
random, and the direction of orientation of this depositing molecule 10 of a nematic liquid crystal 
phase will turn to all the directions of substrate side inboard, i.e., a direction parallel to a 
substrate side, consequently, warming generate optical leakage and according to a back light and 
a heater — even if not electrical-potential-difference impressed, the rise of big black brightness 
was generated until it sometimes became desired drive temperature. Moreover, since the optical 
leakage by the molecule which stuck to the substrate interface occurred even if it became 
desired drive temperature, high contrast was not able to be acquired. 
[0142] 

In addition, in order to increase the Kerr effect in said patent reference 1, while the lateral 
surface of a substrate and mutual absorption shaft orientations are parallel or cross a polarizing 
plate at right angles, arranging so that the include angle of 45 degrees may be made with the 
direction of rubbing is indicated by it. However, by this configuration, the optical contribution by 
the medium by which physical condition differs from the condition at the time of an original drive 
was not able to be vanished, a good black display could not be obtained, and high contrast was 
not able to be acquired, either. When the time of white and 0V impression was made into black 
for the time of 50V impression in deltaT=0.1K, specifically, according to this invention, only 200 
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or less contrast was acquired with the configuration of the patent reference 1 to 500 or more 
contrast being acquired. In addition, contrast can be easily measured by "EZContrast" made 
from for example, ELDIM (France). Therefore, the above-mentioned result shows that said 
effectiveness can be acquired because polarizing plate absorption shaft orientations and the 
orientation processing direction on the front face of a substrate have specific relation in the 
display device which displays when the direction of optical anisotropy modulates for example, 
whenever [ orientation order ] by regularity (the electrical-potential-difference impression 
direction does not change). 
[0143] 

In addition, although the display device of a transparency mold was mentioned as the example 
and the gestalt of this operation mainly explained it, this invention is riot limited to this and is 
good also as a display device of a reflective mold. 
[0144] 

An example of the outline configuration of the display device of the reflective mold concerning 

the gestalt of this operation which applied this invention to drawing 1 3 is shown. 

[0145] 

The display device of the above-mentioned reflective mold has the configuration with which the 
electrodes 4-5 (for example, Kushigata electrode), such as ITO, are formed through the 
insulating layer 22 on this reflecting layer 21 if needed while while consists of a glass substrate 
etc. and the pixel substrate 1 1 forms a reflecting layer 21 on a substrate 1. In addition, it is as 
having described above about other configurations. As the above-mentioned insulating layer 22, 
inorganic film;, such as organic film; silicon nitride, such as acrylic resin, and silicon oxide, is 
applicable. Moreover, as the above-mentioned reflecting layer 21, aluminum, a silver thin film, etc. 
are applicable. In the above-mentioned configuration, since the light which has carried out 
incidence from the substrate 2 of another side where a reflecting layer 21 consists of 
transparence substrates, such as a glass substrate, can be reflected, it functions as a display 
device of a reflective mold. 
[0146] 

In addition, when using the display device concerning the. gestalt of this operation as a display 
device of a reflective mold, various, conventionally well-known ingredients can be used as 
electrode materials, such as metal-electrode ingredients, such as aluminum, besides transparent 
electrode ingredients, such as ITO, like [ in the case of using as a display device of a 
transparency mold ] as the above-mentioned electrode 4-5. Moreover, especially line breadth, 
inter-electrode distance (electrode spacing), etc. of an electrode 4-5 are not limited, and it can 
be set as arbitration according to the gap between a substrate 1 and a substrate 2 etc. 
[0147] 

Furthermore, although the case where a glass substrate was used was mentioned as the example 
and the gestalt of this operation explained it as the above-mentioned substrate 1-2, this 
invention is not limited to this and can use various well-known substrates conventionally that at 
least one side should just be a transparent substrate among substrates 1-2. 
[0148] 

In addition, it is not what is limited to what is conventionally used as a substrate as the above- 
mentioned substrate 1-2. For example, if you may be a film-like and you may have flexibility, and 
at least one side is transparent and can hold the above-mentioned medium A to between 
substrates (i.e., the interior) (pinching) Various ingredients can be used according to the class of 
medium A, the condition of a phase, etc. 
[0149] 

Moreover, although it was a method of ** optically, and the case where the matter which optical 
anisotropy discovers by electric-field impression was used was mentioned as the example and 
explained as a medium A as an example with the gestalt of this operation at the time of no 
electric-field impressing, this invention is not limited to this and the above-mentioned medium A 
is as having mentioned above that you could be the matter in which an anisotropy disappears by 
electric-field impression and isotropy is shown optically. 
[0150] 
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An anisotropy disappears to below by electric-field impression as the above-mentioned medium 
A, and the example using the matter in which isotropy is shown optically is shown in it. 
[0151] 

In this example, between two transparent substrates 1-2 which consist of glass substrates, while 
forming the transparent electrode 4-5 and the orientation film which consists of polyimide which 
becomes an opposed face with the substrate 2 in one substrate 1 from ITO Among both the 
substrates 1-2. the 4-n-alkoxy-3'-nitro biphenyl-4-carboxylic acid (ANBC-22) which is the 
transparent dielectric matter as a medium A was enclosed. Moreover, by sprinkling the plastics 
bead beforehand to the opposed face of the above-mentioned substrate 1-2. the thickness of 
the medium layer 3 in the above-mentioned display device was adjusted so that it might be set 
to 4 micrometers. In addition, the Kushigata electrode as shown in drawing 3 was used for the 
above-mentioned electrode 4-5. 
[0152] 

In addition, the polarizing plate 6-7 was formed in the outside (opposite side of an opposed face) 
of a substrate 1-2, respectively so that the include angle whose electrode expanding direction of 
absorption shaft 6a and 7a in each polarizing plate 6-7. and ctenidiurri partial 4a and 5a in the 
electrode 4-5 which is the Kushigata electrode is about 45 degrees might be made, while mutual 
absorption shaft 6a and 7a intersected perpendicularly, as described above. 
[0153] 

thus, the obtained display device — the exterior — warming — permeability was able to be 
changed, when it maintained at the temperature near the phase transition of a smectic C phase- 
cubic phase to about 10K the low temperature side of phase transition temperature — and 
electrical-potential-difference impression (about [ 50V ] alternating current electric field (it is 
hundreds of kHz more greatly than 0)) was performed with equipment (heating means). That is, it 
was able to be made to change to an isotropic cubic phase (dark condition) by impressing an 
electrical potential difference to the smectic C phase (bright state) which shows optical 
anisotropy at the time of no electrical-potential-difference impressing. 
[0154] 

Moreover, even if it prepares an electrode in a substrate 1-2, respectively and made it generate 
the electric field of the direction of a substrate side normal, the almost same result was 
obtained. That is, the result with the direction of electric field almost same not only in a 
substrate side horizontal direction but the direction of a substrate side normal was obtained. 
[0155] 

Thus, the medium in which it has optical anisotropy at the time of no electricHield impressing, 
optical anisotropy disappears by electric-field impression as a medium A used for the display 
device concerning the gestalt of this operation, and the optical isotropy is shown may be used. 
[0156] 

According to the display device concerning the gestalt of this operation, the leakage of the light 
at the time of the black display by the molecule which stuck to the substrate interface was not 
observed, but was able to realize high contrast. Consequently, the display device which contrast 
did not fall and was excellent in high-speed responsibility and an angle-of-visibility property was 
able to be obtained. 
[0157] 

That is. even if it can vanish the optical anisotropy of the medium A of a bulk field by electric- 
field impression, the adsorption power of the molecule 10 (medium A) which stuck to the 
substrate interface is large, and it is not easy to vanish the anisotropy by electric-field 
impression. However, according to the configuration of this invention, it is effective in losing the 
optical contribution by the optical anisotropy near [ this ] the substrate interface, and for this 
reason, high contrast was able to be acquired as described above. 
[0158] 

Moreover, the above-mentioned medium A may have a forward dielectric anisotropy, and may 
have a negative dielectric anisotropy. When the medium which has a forward dielectric constant 
anisotropy as a medium A is used, it is necessary to drive in electric field in general parallel to a 
substrate 1-2 but, and it is not the limitation when the medium which has a negative dielectric 
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anisotropy is applied For example, what is necessary is to be able to drive to a substrate 1-2 
also by slanting electric field, to be able to drive to it also by perpendicular electric field, and just 
to change suitably the configuration, the quality of the material, and the arrangement location of 
an electrode into it in this case. In addition, if electric field are perpendicularly impressed using a 
transparent electrode, it is advantageous in respect of a numerical aperture. 
[0159] 

[The gestalt 2 of operation] 

It will be as follows if other gestagen of operation of this invention are explained based on 
drawing 14 (a) - (c) thru/or drawing 1 6 . In addition, with the gestalt of this operation, the same 
number is given to the component which should explain about difference with the gestalt 1 of 
said operation, and was mainly used with the. gestalt 1 of said operation, and the component 
which has the same function, and the explanation is omitted. 
[0160] 

Although the case where level orientation processing which is parallel or intersects 
perpendicularly with a polarizing plate absorption shaft was carried out to orientation processing 
of the front face of the opposite substrate 12 was mentioned as the example and the gestalt 1 
of said operation explained it to the pixel substrate 1 1 list, with the gestalt of this operation, the 
case where perpendicular orientation is performed shall be mentioned as an example as the 
above-mentioned orientation processing, and it shall explain below. 
[0161] 

Drawing 14 (a) is the important section top view showing typically the configuration of the 
display device concerning the gestalt of this operation in electricHleld the condition do not 
impress (OFF condition), drawing 1 4 (b) is the important section top view showing typically the 
configuration of the above-mentioned display device in an electrical-potential-difference 
impression condition (ON condition), and drawing 14 (c) is drawing explaining the relation 
between the polarizing plate absorption shaft and the direction of electric field (orientation) in 
the above-mentioned display device, and the direction of rubbing. Moreover, drawing 15 is the 
important section top view showing typically the condition of the medium of the above- 
mentioned display device in the temperature of under drive temperature, and drawing 16 is the 
important section top view showing typically the condition of the medium of the display device 
for a comparison in the temperature of under drive temperature. 
[0162] 

The configuration of the display device concerning the gestalt of this operation is the same as . 
that of a display device given in the gestalt 1 of said operation fundamentally, if the direction of 
the orientation film 8 and the orientation processing in 9 is removed as shown for example, in 
drawing 14 (a) - (c). In order that according to the gestalt of this operation the depositing 
molecule 10 of a nematic liquid crystal phase may carry out orientation in the direction of a 
substrate normal which is the direction of orientation (processing) by performing perpendicular 
orientation processing to the above-mentioned orientation film 8-9 as shown in drawing 15 
although a nematic liquid crystal phase deposits in a power up when an ambient temperature is 
lower than the transition point of the above-mentioned medium A, there is no optical 
contribution. That is, even if an optical anisotropy is discovered by performing orientation 
processing which realizes perpendicular orientation at the time of no electrical-potential- 
difference impressing according to the display device concerning the gestalt of this operation, 
optical contribution can be vanished by making the direction of the optical anisotropy become 
perpendicular to a substrate side. Also in the gestalt of this operation, by that is, the thing for 
which perpendicular orientation processing is performed to the mutual opposed face front face in 
the above-mentioned pixel substrate 1 1 and the opposite substrate 1 2 Medium A and the 
molecule 10 which constitutes this medium A strictly of a substrate interface It becomes 
possible to also set, by the time the temperature of a display device rises with a heater and a 
back light, and to realize a good black display by carrying out orientation along the direction of 
orientation in the above-mentioned orientation processing at the temperature of under 
component drive temperature. Moreover, even if attained to the drive temperature field, the 
leakage of the light at the time of a black display was not observed, but was able to realize high 
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contrast Moreover, even if it became desired drive temperature, it did not generate but the 
optical leakage by the molecule which stuck to the substrate interface was able to acquire high 
contrast 
[0163] 

That is, even when perpendicular processing was performed as the above-mentioned orientation 
processing, as shown in the gestalt 1 of said operation, since it did not generate, the optical 
leakage by the nematic liquid crystal phase which has deposited at the time of low temperature, 
and the molecule which stuck to the substrate interface was able to raise contrast 
[0164] 

On the other hand, when not performing orientation processing, as shown in drawing 1 6 , 
orientation of the nematic liquid crystal phase in which it deposited at the time of low 
temperature is carried out at random, and the direction of orientation of this depositing molecule 
10 of a nematic liquid crystal phase will turn to all the directions of substrate side inboard, i.e., a 
direction parallel to a substrate side. 
[0165] 

consequently, warming generate optical leakage and according to a back light and a heater — - 
even if not electrical-potential-difference impressed, the rise of big black brightness was 
generated until it sometimes became desired drive temperature. Moreover, since the optical 
leakage by the molecule which stuck to the substrate interface occurred even if it became 
desired drive temperature, high contrast was not able to be acquired. 
[0166] 

The above result shows that said effectiveness can be acquired because polarizing plate 
absorption shaft orientations and the orientation processing direction on the front face of a 
substrate have specific relation also in the gestalt of this operation by the display device which 
displays when the direction of optical anisotropy modulates for example, whenever [ orientation 
order ] by regularity (the electrical-potential-difference impression direction does not change). 
[0167] 

In addition, although rubbing processing was performed in the formation list of the orientation 
film 8-9 also with the gestalt of this operation to both the substrates 1-2 (the pixel substrate 11 
and opposite substrate 12), the above-mentioned effectiveness can be acquired even if it is the 
case where rubbing processing is performed only to one substrate. Also in this case, it is got 
blocked when the above-mentioned orientation film 8-9 is formed in both the substrates 1-2. 
Although the effectiveness of a like is not acquired when orientation processing is performed to 
both the substrates 1-2, if the orientation film (orientation film 9) is formed only in the substrate 
2 of the opposite side in the substrate 1 in which the electrode 4-5 was formed A practical merit 
is large, without the voltage drop originating in the orientation film 8 not occurring, but the driver 
voltage of a component going up. Moreover, even if it became desired drive temperature, it did 
not generate but the optical leakage by the molecule which stuck to the substrate interface was 
able to acquire high contrast. 
[0168] 

Although various things can be used as the above-mentioned perpendicular orientation film used 
with the gestalt of this operation and polyimide, a silane coupling agent lecithin, etc. are 
mentioned, it is not limited especially. 
[0169] 

What is necessary is just to perform rubbing processing, after applying these ingredients and 
forming the orientation film for example, on a substrate 1 and/or a substrate 2 in using polyimide 
etc. as the above-mentioned perpendicular orientation film. Moreover, what is necessary is just 
to create by the Czochralski method like LB film, in using a silane coupling agent. 
[0170] 

Moreover, the commercial perpendicular orientation film can be used as the above-mentioned 

orientation film 8-9. 

[0171] 

Furthermore, also in the gestalt of this operation, as the above-mentioned orientation film 8-9, 
since the orientation control is easy, the orientation film which has said optical functional group 
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may be used. Also in the gestalt of this operation, when the above-mentioned orientation film 8- 
9 has an optical functional group, desired orientation processing can be easily performed by 
performing a polarization ultraviolet radiation exposure on above-mentioned pixel substrate 1 1 
and opposite substrate 12 front face, i.e., the 8-orientation film 9 above-mentioned front face, 
and making orientation restraining force discover. 
[0172] 

in addition — the gestalt 1-2 of the above-mentioned implementation — mainly — a substrate - 
- abbreviation — although the case where parallel electric field were impressed was mentioned 
as the example and explained, the display device concerning this invention can be driven also by 
perpendicular electric field that it can drive also by slanting electric field to a substrate. In this 
case, what is necessary is just to impress electric field to the medium layer 3 by impressing 
electric field to inter-electrode [ with which equipped the both sides of the substrate (substrates 
1 and 2) of the. pair which counters with the electrode, and both substrates were equipped ]. 
[0173] 

Moreover, although the case where orientation processing [ which / of said level orientation 
processing or perpendicular orientation processing ] was performed to both the substrates of the 
pixel substrate 1 1 and the opposite substrate 1 2 or one of substrates was mentioned as the 
example and the gestalt 1-2 of the above-mentioned implementation explained it Although 
orientation of the molecule 10 in a substrate interface is carried out in the above mentioned 
orientation processing direction (the direction of rubbing), the intermolecular interaction In order 
not to reach the bulk field distant from the substrate interface inside a eel and not to change the 
direction of orientation of the molecule 10 of this bulk field, level orientation processing is 
performed to one substrate, and the substrate of another side is not cared about as a 
configuration to which perpendicular orientation processing is performed. 
[0174] 

In addition, this invention is not limited to each operation gestalt mentioned above, and various 
modification is possible for it in the range shown in the claim, and it is contained in the technical 
range of this invention also about the operation gestalt acquired by different operation gestalt, 
combining suitably the technical means indicated, respectively. 
[Availability on industry] 
[0175] 

The display device of this invention is a display device excellent in the wide-field-of-view angle 
property and the high-speed response characteristic, for example, can be widely applied to the 
image display device with which information terminals, such as OA equipment, such as image 
display devices, such as television and a monitor, a word processor, and a personal computer, or 
a video camera, a digital camera, and a cellular phone, etc. are equipped. Moreover, since the 
display device of this invention has a wide-field-of-view angle property and a high-speed 
response characteristic and can prevent the fall of contrast as described above, it is suitable 
also for a big screen display or animation display. 
[Brief Description of the Drawings] 
[0176] 

[Drawing 1] (a) is the sectional view showing typically the outline configuration of the important 
section of the display device concerning one gestalt of operation of this invention in electrical- 
potential-difference the condition of not impressing, and (b) is the sectional view showing 
typically the outline configuration of the important section of the above-mentioned display 
device in an electrical-potential-difference impression condition. 

[Drawing 2] It is drawing explaining the relation between the polarizing plate absorption shaft and 
the direction of electric field (orientation) in the above-mentioned display device, and the 
direction of rubbing. 

[Drawing 3] It is drawing explaining the relation between an example of electrode structure and 
this electrode structure in the above-mentioned display device, and a polarizing plate absorption 
shaft. 

[Drawing 4] Drawing 4 (a) is the important section top view showing typically the configuration of 
the above-mentioned display device in electric-field the condition of not impressing, and drawing 



JP-A-2005-2 15339 



31/41 ^— v 



4 (b) is the important section top view showing typically the configuration of the above- 
mentioned display device in an electrical-potential-difference impression condition. 
[Drawing 51 It is the important section top view showing typically the condition of the medium of 
the above-mentioned display device in the temperature of under drive temperature. 
fP rawing 61 Drawing 1 (a) It is the graph which shows the relation of the applied voltage and the 
permeability in the display device shown in - (b). 

fDrawing 7] The difference in the display principle of the display device which displays using 
change of the optical anisotropy by impression of electric field, and the conventional liquid 
crystal display component It is the sectional view typically shown in the configuration and its 
direction of a main shaft of an average index ellipsoid of the medium at the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, (a) is a sectional 
view at the time of no electrical-potential-difference impressing [ of the display device which 
displays using change of the optical anisotropy by impression of electric field ]. (b) is a sectional 
view at the time of electrical-potential-difference impression of the display device shown in (a), 
and (c) is a sectional view at the time of no electrical-potential-difference impressing [ of the 
liquid crystal display component of TN method ]. (d) is a sectional view at the time of electrical- 
potential-difference impression of the liquid crystal display component shown in (c), and (e) is a 
sectional view at the time of no electrical-potential-difference impressing [ of the liquid crystal 
display component of VA method ]. (f) is a sectional view at the time of electrical-potential- 
difference impression of the liquid crystal display component shown in (e), (g) is a sectional view 
at the time of no electrical-potential-difference impressing [ of the liquid crystal display 
component of an IPS method ], and (h) is a sectional view at the time of electrical-potential- 
difference impression of the liquid crystal display component shown in (g). 
fDrawing 83 It is the mimetic diagram showing an example of the inverted micelle phase mixed 
stock of a liquid crystal micro emulsion. 

fDrawing 9] It is the mimetic diagram showing other examples of the inverted micelle phase 
mixed stock of a liquid crystal micro emulsion. 

fDrawing 10] It is the classification Fig. of a lyotropic liquid crystal phase. 

fDrawing 1 1] (a) is the sectional view showing typically the outline configuration of the important 
section of the display device for a comparison in electrical-potential-difference the condition of 
not impressing, and (b) is the sectional view showing typically the outline configuration of the 
important section of the display device for the above-mentioned comparison in an electrical- 
potential-difference impression condition. 

fDrawing 1 2] (a) is the important section top view showing typically the condition of the medium 
of the display device for the above-mentioned comparison in the temperature of under drive 
temperature, and (b) is the explanatory view showing the relation of the polarizing plate 
absorption shaft and the direction of electric field (orientation) in the display device for the 
above-mentioned comparison. 

[Drawing 13] It is the sectional view showing an example of the outline configuration of the 
display device of the reflective mold concerning one gestalt of operation of this invention. 
[Drawing 14] (a) is the important section top view showing typically the configuration of the 
display device concerning the gestalt of other operations of this invention in electric-field the 
condition of not impressing, (b) is the important section top view showing typically the 
configuration of the above-mentioned display device in an electrical-potential-difference 
impression condition, and (c) is drawing explaining the relation between the polarizing plate 
absorption shaft and the direction of electric field (orientation) in the above-mentioned display 
device, and the direction of rubbing. 

[Drawing 15] It is the important section top view showing typically the condition of the medium 
of the display device concerning the gestalt of other operations of this invention in the 
temperature of under drive temperature. 

[Drawing 16] It is the important section top view showing typically the condition of the medium 
of the display device for a comparison in the temperature of under drive temperature. 
[Description of Notations] 
[0177] 
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1 Substrate 

2 Substrate 

3 Medium Layer 
3a Index ellipsoid 

4 Electrode 

4a Ctenidium part 

5 Electrode 

5a Ctenidium part 

6 Polarizing Plate 
6a Absorption shaft 

7 Polarizing Plate 
7a Absorption shaft 

8 Orientation Him 

9 Orientation Film 

1 1 Pixel Substrate 

12 Opposite Substrate 

21 Reflecting Layer 

22 Insulating Layer 
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[Brief Description of the Drawings] 
[0176] 

[Drawing 1] (a) is the sectional view showing typically the outline configuration of the important 
section of the display device concerning one gestalt of operation of this invention in electrical- 
potential-difference the condition of not impressing, and (b) is the sectional view showing, 
typically the outline configuration of the important section of the above-mentioned display 
device in an electrical-potential-difference impression condition. 

[Drawing 2] It is drawing explaining the relation between the polarizing plate absorption shaft and 
the direction of electric field (orientation) in the above-mentioned display device, and the 
direction of rubbing. 

[Drawing 3] It is drawing explaining the relation between an example of electrode structure and 
this electrode structure in the above-mentioned display device, and a polarizing plate absorption 
shaft. 

[Drawing 4] Drawing 4 (a) is the important section top view showing typically the configuration of 
the above-mentioned display device in electric-field the condition of not impressing, and drawing 
4 (b) is the important section top view showing typically the configuration of the above- 
mentioned display device in an electrical-potential-difference impression condition. 
[Drawing 5] It is the important section top view showing typically the condition of the medium of 
the above-mentioned display device in the temperature of under drive temperature. 
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[Drawing 61 Drawing 1 (a) It is the graph which shows the relation of the applied voltage and the 
permeability in the display device shown in - (b). 

fDrawing 71 The difference in the display principle of the display device which displays using 
change of the optical anisotropy by impression of electric field, and the conventional liquid 
crystal display component It is the sectional view typically shown in the configuration and its 
direction of a main shaft of an average index ellipsoid of the medium at the time of no electrical- 
potential-difference impressing and electrical-potential-difference impression, (a) is a sectional 
view at the time of no electrical-potential-difference impressing [ of the display device which 
displays using change of the optical anisotropy by impression of electric field ]. (b) is a sectional 
view at the time of electrical-potential-difference impression of the display device shown in (a), 
and (c) is a sectional view at the time of no electrical-potential-difference impressing [ of the 
liquid crystal display component of TN method ]. (d) is a sectional view at the time of electrical- 
potential-difference impression of the liquid crystal display component shown in (c), and (e) is a 
sectional view at the time of no electrical-potehtial-difference impressing [ of the liquid crystal 
display component of VA method ]. (f) is a sectional view at the time of electrical-potential- 
difference impression of the liquid crystal display component shown in (e), (g) is a sectional view 
at the time of no electrical-potential-difference impressing [ of the liquid crystal display 
component of an IPS method ], and (h) is a sectional view at the time of electrical-potential- 
difference impression of the liquid crystal display component shown in (g). 
[Drawing 8l .lt is the mimetic diagram showing an example of the inverted micelle phase mixed 
stock of a liquid crystal micro emulsion. 

fDrawing 9] It is the mimetic diagram showing other examples of the inverted micelle phase 
mixed stock of a liquid crystal micro emulsion. 

fDrawing 101 It is the classification Fig. of a lyotropic liquid crystal phase. 

fDrawing 1 11 (a) is the sectional view showing typically the outline configuration of the important 
section of the display device for a comparison in electrical-potential-difference the condition of 
not impressing, and (b) is the sectional view showing typically the outline configuration of the 
important section of the display device for the above-mentioned comparison in an electrical- 
potential-difference impression condition. 

fDrawing 121 (a) is the important section top view showing typically the condition of the medium 
of the display device for the above-mentioned comparison in the temperature of under drive 
temperature, and (b) is the explanatory view showing the relation of the polarizing plate 
absorption shaft and the direction of electric field (orientation) in the display device for the 
above-mentioned comparison. 

fDrawing 131 It is the sectional view showing an example of the outline configuration of the 
display device of the reflective mold concerning one gestalt of operation of this invention. 
fDrawing 141 (a) is the important section top view showing typically the configuration of the 
display device concerning the gestalt of other operations of this invention in electric-field the 
condition of not impressing, (b) is the important section top view showing typically the 
configuration of the above-mentioned display device in an electrical-potential-difference 
impression condition, and (c) is drawing explaining the relation between the polarizing plate 
absorption shaft and the direction of electric field (orientation) in the above-mentioned display 
device, and the direction of rubbing. 

fDrawing 151 It is the important section top view showing typically the condition of the medium 
of the display device concerning the gestalt of other operations of this invention in the 
temperature of under drive temperature. 

fDrawing 161 It is the important section top view showing typically the condition of the medium 
of the display device for a comparison in the temperature of under drive temperature. 
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mwL2 01-20 2mzm&m2 0 5#ga$$*u nmm^.2 01-20 2±tz^ti^ 
ti&msnmm) 203 • 2 0 4^*£;h.:o>sifii££ : fru *Emmm&t. m 
&m2o 5 c tt & fS^-^oftfa^-ffl] if . mmizni,ximwtciim( l zm.foLx^z> 

^KWUmizli. J3m&tt<o&mXfotfm&lzmW.Kc1itolz&[ii\~r&. ZCDi§& 

izm&vmvitcmmwimM 0 5 ate. 07 ( e ) ^-r«t sk, «EMEi«in^«i 
. *<7)&mj$\ (msrtrto) i&&mmwarmt:m£ . 07 ( f ) fc^fidt. «eep 

jDi^^ii-t^iW^rifl^SlgBDlcW^^ («5®l*l^rr6]) £fl<. VAJ 

n*tT\ siff^mRf*2 0 5ao^K{i^i?^-rc ^iWdriiotfSMfc-f & (®#f^« 

P3tt2 0 5a#|Hl|g-f&) . 
[0120] 

I P S^tfHKJWKasW. 07 (f) • (g) tcsttidfc. B-0«K3 
oi_tfc. i*t<o©fi&3 0 2 - 3 0 3*<**KoEB*<ife««Sr*U. 0jnLfcvtftfl]S« 

fc<oiafc:gia#Sfi3t«jaBk:. ±ie««53 0 2 • 3 0 aej: offiE**^*^*^ tx\ 

JJE»*»fc*J»t6«JWW«l<WW!J (/3tf^Rtt3 0 5aO±i8dri&] (Sttfrffl) 

awf*«n*3 0 5a^»BttJ4Stt>^rt=. *<o±n*K5*«aMt-r* (mm 

*in«:3 0 5a*<Eie-r«>) . 
[0121] 

ifiiLTteo, ^Es-erao-rs .r t izx ^x^m^-n^^t^^x^ imama/fen 

«fc->T85n (®fl*03ai) £-*to-o*£. 
[01223 

-rfic*tu *mm<oBmizfrfr&$k7rm : ¥-i>'&sb. mRcomaizjLhittmmij&e) 
^t^mmLxmyp^o^mm^i. 07 (a) • (t>) iztfrrxoiz. mKtewum 
cfcftsJi*f*isR«s3 &<7)jfmtmk. lemizmn ( nx= ny =n z . 

Sl4RffK-0) T*9. S2J:eWlirrSCfcfc:i->TS35rtt ( nx>ny. Eiej^JS 
>0) J: ?tc3r->TV%*. &*5. ±IEnx. ny. nitt. S«® 

tcTff^iei (S«Ert2riaj) T*>os®g4 • 5<Wf*j:frrajo±®#r*, g£®(cgffl: 
4 • 5coJtr6]^(S]lcSiS^ia]<0±JS*f^5raUTV'»&. 
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[0123] 
[0124] 

*mm<mmzfrfr&m7fim : ?ii. 01(a) c^ia^ tm4 • sizwmMm 
mwz{>m7btch<r>x\ mmmiztcz, . 

[01253 

Ei(b) fcsH-jrdt. m®4 • 5twma^Epjirf4t. ±MmmA<v&fr? 
. wm®&.imm-i>. ^oWEBmatcAO. w&4 ■ sffioms.izfcixmm* 

[0126 j 

?>*ibK:<.S«$:Sffti;*:£ lc^^-f <-@_h^iaSTiiO~l 0 0 Vmff^iS 

JET'. +^(^iS3S^^S!iSS .1 fc tfTOcSrS . 
[0127] 

mtii. immxM9iijLxs4\F$fg?*.i&i2iz£tii£. KMmnmifcb, wwsn*i 

fc*K«r #rtW>JB*f*fc - n/A nlktit. ttJBffffifl: ( A n = n//— n 

J-) fc, "«r*>*«»E (V/m) t(0iffli. TBBWWC-O > 

A n = A ■ B k • E2 ... (3) 

Ati|S24>T'<aA8t3tZ>»fcft (m) . B k ti*-5gR (ra/V2 ) . 

e nmm,mu& ( v/m ) x-h * . 

[0128] 

#-£SBtt. iftK(T) tf)±#fci fct=l/ (T-Tn i ) (CifcWtl,B8SrC^t- 

ftcfcjwn^fiT**"). (Tn i ) ismvit^wim^tmvix^b LT 

fcE***S ffiSS^BLtOi&STte, ft 1 0 0 VWT»«ET . »M*-HHc 

$!MZ-£Z>ZbtfX'£&. 
[0129] 

5rcSrfT3#S\ MtelzXiXiil avV??sVtf1&T-?Z>ZbtfhhZbVVl'>tz. 
[0130] 

[0131] 

jutfivm+ea, jL82«*A3&»2is3Wsg»s^4^*iaatcaiLT*j4»-r. i®a<«i 

^£jgj£L^ft*l(f2:<i>5:^i: £t=. «$m^»aT-t3t^WS*14Sr«-ra*-7f-y ?t- 
^i^T'Ji<i l ). 3yh7^ l-#*fflcTLT Li o . b 
. IWHC»*«:.t#*tf. £tz$:mi2ithZblt®£!,>kZbX'li.%\,\ 
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[0132] 

naL-cwrt.. msLxm. mzmstiimvit* m&iizx'oi&nAzmi&t&frf-i 

[0133] 
[0134] 

Tt=«ta«. w.mikx$izmwwj&?±MW&jii± seha**, 

®®&<7>^bm%zMmz£h&mz&3j&m\ zcnm^. t-ftsxw-y?? 
4 hizx ^m^^&^^^hix'^iz^xt^^mm^^mm^hzt^ 

X'Ztz. 
[0135] 

-r&±>*>» ^sis^astciixjf. tit t^mmmizyt&gyj&tfymLtzt lx . 

i>. ±IEBS§««1 lfcJ:WrftJ««2Ct}t-ti.S:^«OSt|6ja®C, -^<0JS3K®«RJtXW 
i:^*^±Il3c-r€.^(6lW*TErai5aa5r]lfiL, -E-<03t^S*e«0^. o2 9- Eft 
*-f6]Sr, ±ie<i^«ifiiR«!lt J FfifS^J±it3S-r6^(fi]^UT*J<CfC\ -e^^s-^- 
fc*<T-£S>. o£9. *S£&fcOJE2BU;:isvvt. ±ieW5g*8El lfcJ:tW 

«sa. ssfcttiSSSESAS-ttfig-ts^ioti. m^m®i§JK*mco&mx\ jjaafa 

[0136] 

. mL^wziR^Lt^^zx&mm^^co^eomtiimm$ixr.ii^>h^^hi 
mt-r&ztwx-ztz. z<7>m&. 3^h7*h#<rrti>c:i:#$:<. isaj^te, m 
mftnmzffliK&Tmttn&ztwx'Zfi:. 

[0137] 

±JeS«l • 2Cfc{tS5v^7b'^^riS]«. luieL^ipC 835. ¥fr£ 

[0138] 

#n&owtiA> mmsii • 2 (bsrs«i lfcitfiwossi 2) tatu 

5t'y7!mZft'>t:%£X't>'>Xi>&&ZtteX'$h. :<^, wstsi • 2tc±ie 

tift*>il&v^ •B8E4 • 5£«a£U:gfiEl t«R^0BOS«2^m=El6lK (EftBt 
9) 2r^fi£LT*3fttf. S« 1 !BJOSl«)K8Ci3ft-r&1gff|^T* i m-tH'. Si^HSiS 
W&tf±ftT?hZt i£< . Slffl±W^ 'J y KW:*v». St".:, ffiawl&S&i&KfcSr-?*: 
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[0139) 

imntzMz. mn (a) • <b> tz^-t ie^ks • 9 

[0140) 

131 1 (a) ®E«6PJimss (off*®) iztnfi>nMm<7mmm^comm<nm 
mm&tr^mz^-twimmx'h*) . a 1 1 ( b > ismflEEpjDttss <on«®) K*>ft& 

^ffl^)«^«^<O®a5tO«lBStifigJ-«5»:wcc5r^l8i®0-C3!)4. 012 (a) tt 
T*> 0 . H 1 2 ( b ) it, m 1 2 ( a ) tZttmrM&ttftimXmmk** (S 
[0141] 

mmymz?rh%\>*$i&M*. mi 2 (a) iaRi-j:3ic. ttmrnffttL^^v 
o&m, jtmsr^s^-. x**?* htixvt—rizz&mimizii^xmmnmm 

[0142] 

. SV ^KflSMftfr ffl>!i«PfT 2 /SliiE3£-r & £ ftC 9 1 y 4 5 

7azft&ztffX'Z-r. UKa^hj^MwitiiTift*")*. at 

= 0. 1K££IVC. SOVBttWMrE. 0 V3ttOB*£ltfc Ufc*£> *%mz*tU£ 5 
0 f h 5* bjW»Mt4*>fc:»LT . WfBOR 1 *>«WtT'te 2 0 > 

h9*HUW»fcivar*»-»fc. =Sr*J, a^hSXMi. Witf, ELDIMtt(7?^ 
)St<7> TEZContrast j KJ^TSAtCMjei* *Cfc#Tft*. J:->t, JJE 
tt^Wfl^e^fiCi-Jg («BE8fflll2ritlttXfl:L&"> TWittBfllftME 

a^fo* a«i«e<oiiMR«r*-*£ kT. fne«j»5r#«»- 1 tfx-t hzt . 

[0143] 

=sr*s, *$m.<?)imx'\t. mz. msmns&zm^&mizmfxmiuzw. «nu 

[0144] 
[0145] 

jJBRUffl^asHR^tt. rami ii>K mta. ^yxmrnm^^h-^^mn 
i±.izmm2 1 tmif&tmz, usmm2 i±iz. «tetT«M2 2^ut 
. ffUfcn Tos?o^fl&4 • 5 (#i*«ffi»Bm&> umifbtixmmfSL&mLxm. 

=5r*s. fWM^Coi^li. ttELfcaOT**. ±f£l6»®2 2i: LT«i. 7? 'J 

±iesstiB2 iktT<4. r/i'S-*A*«oiraw*»fl"*-*£fca t T'**. Jtie 
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[0146] 

t<oT-»±&< . mm . sis i ts«2 fcoisio^ -yr^tcic t 

[0147] 
[0148] 

[0149] 

*wwiin(dwe«n*fcwc , »'flr<, ±ieieg®A*<m*Eraratcj:os*tt* j m 

[0150] 
[0151] 

fc*Jftft«E2t<Wl*IIH(=. I TOfrbtci. mW%W&4 ■ 5t. # 'J 4 S K*6* 
fcKmiti: fc#<C.-PW«l • 2IWc. «ESAkLT, aH&fftttttftKT'fc 

£4' -n-T;H5*>— 3' --hnt'7x_;|,-4-*;^I (ANBC-2 2) 

[0152] 

Srfc. flft£K6 • 7tt. HflBUrJ: 3 fc, £t*»aiBM6a- 7 a**H£-f.S> fc i: fc tw 
. #«3fc«6 • 7£&f7*«iRtl6a • 7at. ®^m©t'S>S®E4 • 5 tCfcWSlSffi 
SB#4a • 5aattflHMt3n4fc«<tt4 5g<0*IJK«:fc-f J: ^tc, *il*ihJHKl ■ 20 
»Hi (*tfacSOR*fiB!l) teRWi. 
[0153] 

. ( 5 0 VgjRcr)£s5«iS ( Oi 0** <S¥kH z*?> ) Sr^ofekC^. 

[0154] 
[0155] 
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[0156] 
[0157] 

. mB.#miz®.%LtziH-i o («®a) t^^®*****^ nx-mnx'tom^it 
awkz-thzt u®%x&% \, > . LfrL%#t>. ^micomimzxtiif. zn&sim 

[0158] 

mmttzt&itiziitffim'ox'itzw mm. msi\ ■ 2 £&*>wwtuz «t o t t fguj^r 

[0159] 

*^O^Sfi«0fli5C0»COV\-CHl 4 (a)-(c)^Lil 6 Kl^HtBPBt 
[0160] 

Bfnenjfi^siT'Ji, BSSKi i muzttfagm. 1 2^Rs^iE(«a«aat^ sftjg 
-r&. 

[0161] 

Hi 4 < a) SfMSsepiffKJB (OFFtSS) *CfcftS*^SfeOJi5<S(c*>*»4^5g 
^O^Blt^^W^^gP^ffiST-*) 0.014 ( b ) Ji. mffiEPiDtfJS ( ON^BS) 
tfcftSifS^^OfllfiStSr^WtC^-SSPTMaT-ftO. Si 4 ( c ) <i. JJE* 

&&. a*, si sti. ffitiftia^^^^ftsiiea^^jKa^^^^Bg 

[0162] 

#ISte<0»CA>a»&*^flt^ffij£li. PUtfia 14 ( a ) - ( c ) tCTfrf J: a tc. 

nmi-tnmx'hb. T&memmizztitf. jtiesflits • 9izmmE.^i9imimLx 
a<zbx\ mtn. mmkxmzmmmmtfiMm'SAvm&tizotti&^t&s. *^ 
Tyfffiikmwiii-r&iiK mi 5c^-r«taic mtnLtz^^ ^m&mcoiH-i o 
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rt&j§.^cwm&wiz&mMfo9mwmztix^hztx\ ««#ho«e@a. mmz 

ityfimizm-ixmto-rzztx'. btz* r )&7m=¥-<r>mmi t ±.# 

*h&x'izt$\^xi>m%&m*z&&thz.bifi-5imz%h. ttz. m®i§&®.mzm. 

vztz. ztz. mmcomm&mz%'>tibLxi>. m&&mizi&%L*:fr?iz£&%Mti 

[0163] 

tum±L%^tz*blz. a>h5*h*fo±.ZithZbtfX'$t:. 
[0164] 

— *\ mi®MZ'tito*\,^$r&lzli* ®1 6C^-r«t^C ffiia^r^aJUTt^f-'y 
[01653 

zo&zk, %mti£&&.zit. ><.v9?4 h&£x/t—?i,zxz,t\fi&&fiz£i^xmmv> 
mb&mt^htx-cD^ n.&mm\K'h^xtiz$%mm!£<?>±.&t:ft!kz-<ttc. tti 

[0166]. 

^hzttfix-zhzttmh. 

[0167] 

tfe. *$m<7)Mmx'i>. mm®. 1 ■ 2 (mmmmi mxx/n^ms.12) £*tu 
ErajKs • 9<mfmx/( l z7V>'79mi?t->tzti : . mLtz^mt. -iwm&nx-iz 
?t>rw&*ft'>tzt&eiX'h'>xi>'i§i>z.bi±x'$h. zcom^zh. • 2iz 

±i2IJr6jJBl8 • 9ZBf£LKi§>-&. SMI • 2CSfa]«^5rML^^{3t'0 

$&m<ift£>*tfrv->#. m®4 ■ 5 5rJ8*fi£L*:Slgl Ji^lMW&lSi 2 rtfW-EflBI (12 
(S]IS!9) ZJgiSLLX&mi, E.ft®8lZ&*-ri^EfcTtfftikitr, 3H^|g£&®Ea< 

±#-ri»wi:i^<. nffliwjvh*^!^. a*:, mmvmti&miz*^*:*. ix 
i>. mmftmzi&mLtzttizxzxmtiiimiiti'. ^^yhyxh^hzb^x- 

fft:. 
[0168] 

*mm<mii§.x'm^btis>±MmmM\siBit Lxim«?>i><ozmmx'Z , --k'.m 5 k 

[0169] 

JJESHEMKJ: LTPUtf^lM 5 FSF£fflV*£i&£t::H:. S1Kl*5<ktX/ 
[0170] 

±ieffi|6jK8 • 9b LXU. 7PSKOftiI£fl&£fflv>|> ) ri:a<T'& *>. 

[0171] 

*3llfcOJBI§lc±iVvCi» ±feE(SJK8 • 9kLT»±. *<r)mmWtf®&X' 
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[0172] 

S1Rlfc«ttf2) <05R*-fcm«*flii. BMfcfl* fc*l*:*fflafc:«#fc EPJtrf £ £ i: 
iCk-jT. 3 £ Epjirmtf J: v \ 
[0173] 

[0174] 

*?wiit±MLtz&m!immizmjzzixz>i><?>x'it%< . urasBi^LfceBT* 

[M3H±^fimt8iS] 

[0175] 

x-%h<r>x\ ±mmm%*?®mm?*<,zi>mLx^h . 

[0HO|«**IJMH] 
[0176] 

[01] (a)ti, ^^q^D^tC^tt&^Bji^^o^scA'A^^^^S 

[02] ±si$^wz&nhmfflmi!mbmn (ea) ^mtyt-y^^tcom^ 

[03] ±IE^^^^fcft«,«ffilf3SO-fia)i3 J:V^ffi|gjtfcffi3e«©iRllit *>Mfi& 
fcHWW-SISTJb*. 

[04] 04 (a) (±, «»«EPSD«.lSCi3^«.JLiS^^^«}fi£2:«5W^i-®a5 
J Fffi0T'3bO, 04 (b) li, IBS 8ttnttJBC*5 W h lIZWkjfm^tTMjS. & *ta;Wtc*-f 

[ 05 ] mmm^mcoi§^iz^n^±im^m^i&m^^^mzij^w^m 

0TJ>&. 

[06] 01 (a) • ( b) iztt&^^zMihmvn&kmmtnm&ZTKtr 
5 yx-hh . 

^Ji»f^R^^fc«k^^«±lil*A^r^«t^-rffifiii0-C*S> 9 . ( a ) W^ff 
Th*). ( b ) ii ( a ) K^-f St^^SSEMoB^BrB^TA 9 . ( c ) (iTN*^ 
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(Dm^^fm^nsMmm^mmx'h o , ( d ) it ( c ) tzsrctwMmfzmtt* 

BE8HJDi$<OSiB50T* 0 . ( e ) liv Att<nm&$tm£?nmmmW1ia&ie)®wmX'$> 
•5 . ( f ) « ( e ) tw5rmft^m^<omEEPaD^BrM0T*> 0 . ( s ) tt I P 

^tmm&m^m^^SMma^mmmx'h o . ( h > u < g ) tcarrjaas^F-^ 

[08] «**-f ?Di^ 3 ytf)ffi5-b;i'Mt*i^-«iSt«^t*l'. 
[093 SEftT-f ?Di7i^ 3 = Hr;U^^<^ftil<^£^-f h . 

[0ii3 (a> a. mEmmto^iz&H&ti^nwm*com&nm&mf&z&&to 

[0123 (a) {i. Stil^*^^^fc(tS±iaJt«Mcr)«^^«©<?)««?rm 

^wtw^-rsasTBSST* o . ( b ) ii, ±i&mmnm^?iz&n&mmmmt 

[014] (a) <i. m^QJjD^CfeftS^WofficOIIMOJgffi^^&a^^W 

[016] wmM^mm<^^( l z^&imm<r>^m^<r>mm<o^i^mz^m^ 
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[09] 
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A (#3*) 2H088 GA02 GA03 GA04 GA10 
JA05 MA02 MA07 MAIO 
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